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PfiEFACE. 


The reader who has perused the early sheets of tliis volume during 'their 
I course of publication in the y Circle of th^ ’^iences/’ will have rerjarked 
j the circumstance of their anonymous character, notwithstanding *that the 
I I other branches of science liave. appeared in the same publication with the 
authors’ names attached. The explanation is as follows : — 

li^the year 1852, 1 was commissioned to re>edit the last edition of the hij 
Dr. Henry’s Treatise on Chemistry, pul ished nearly thirty years since, retaining 
sucli parts of that celebraied work as might bo accordant wdth our present state 
of chemical kTiowlcdge,' and remodelling w^hat had become old a id out of date. 
AVith this object in view, 1 had nearly completed the imponderable agents, 
\\hcn circumstances rendered it desirable that the* original intention should be 
abandoned, and that tlic sheets already prepared should appear in a serial 
form in the ** Circle of the Sciences.” 1 readily acceded to this proposition ; 
but the acquiescence entai ed a minor diffiSiulty, which the preface alone could 
satisfactorily cxnlain. Although the portion concerning light was entirely 
oiiginal, and the sections on electricity and its collaterals very nearly so, \ 
could not with any propriety call the treatise mine without incurring the 
charge of plagiarism ; and to have, denominated it a new edition of Henry’s 
Elements, seeing the extensive alterations which had bren made, would 
•scai'cely have been more appropriate; hence, in the opinion of all concerned, 
the decisio. of allowing the sheets to appear anonymously was thought 
desirable. Mature consideration qf the facts of the case have satisfied me 
that the cou^'se adopted was, under the circumstances, preferable to any 
19 other. 

The merits of Dr. Henry as a chemist ore especially recogniz- 
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in his investigatio|8 on gai^s ; slhd by a peculian^j in the arrangement of 
his work, theigen^i^al philosophy of gases is descigbed under the head of heat. 
Now, it so happens thaf this portion of chemical science has undergone, subse- 
quently to the time of ifr. Henry, a lels amount of fundamental change than 
any otllkr ;~the investigatioRg of chemists since that time, relative to this 
portion of ^ience, having been merely the amplification of what he go success- 
fully beg^ir hence the retention of this portion of his treafisc woftld have 
enhance^ the value ^'^Shy chemical book whatever. I regard |t, therefore, 

advaiftageous to the interests of the present publication that circumstances 
• • 
have (Hiabled me to preserve i4 al|post intact. 

As regards the second portion of the volume, ^r that relating to the 
clicmical elements and their inorganic combinations, 1 am wholly responsible ; 
and 1 trust that— although the space at my disposal has been circumscribed— 
ift) considerable matter of interest or importance will have been omitted. 

Produced in the serial form, hqpriedlf and at intervals, as this volume has 
been, some inaccuracies have necessarily crept in ; yet not of greater import- 
ance, or in grCater number, I am ^disposed to believe^ than may be usually 
dii^overed in first editions of scientific works. Those already noticed will be 
seen in an appended slip of errata and corrigenda, 

O 

J. SCOFFERN, M.B., Lond. 
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THE ELEJHENTS 04 CIIEMISTKY. 

: *• 

X>cfixiition of CSiemistvy. — Chemistry is tho science which invcitigates the 
quality and constitution of matter in all its relations, except those affecting visible , 
inoticjii and space. Its agencies involve all the grand %rces of the universe except 
i gravitation ; which latter belongs to the dcjpartmcnt of incchauie^ philosophy. Even 
I the force of gravitation, however, ccAies indirectly under the chemist’s scope, as 
■ affecting tlic weight and the specific gravitj’' of ponderable bodies. Its peculiarities, 

! thcTcfore, as contra-distinguished from those of the other forces, will have to be 
discussed. . 

All bodies, composing the material system of the universe, have a natural tendency 
' to approach each othci^ whatsoever may be tic distances at whifth they ai‘e placed* 
The operation of this force extends to the j,'cmotost parts of the sidereal system, and 
; i.s one of the causes whifci preserve the stability of planets and comets in their orbits. 

T^c smaller bodies, also, that ai'o under our more immediate obsciTation, arc infiucnccd 
I by the same power, and fall to tlie earth’s surface, when notprevefited by the interference 
I of other forces. From these facts, the existence of a property has been inferred, which 
! has been called attraction, or, more specifically, the attraction of gravitation. Its 
' nature is entirely unknown to us ; but some of its laws have been investigated, and 
successfully applio^to the explanation of phenomena. Of these laws, the most impor- 
tant arc, that the force of gravity acts on bodies directly in propoition to the quantity 
of matter in each ; and that it decreases in the reciprocal proportion of the squares of 
the distances. ^ 

From viewing bodies in the aggregate, we may next proceed to contemplate them 
os composed of minute particles. These particles, it is probable, consist of solids, 
which are incapable of mechanical division, but are still possessed of the qualities of 
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length, Icreadth, and tliickness. In simple bodies tlie particles must necessarily tec all^ 
of the same nature, or homogemom. In compound bodies, we arc to understand/by tlie 
tamparticles, the smallest parts ihto which bodies can be resolved without decomposition. 
The word atom has of late been revived, to denote both tnese kinds of particis ; and 
wc may therefore spea^ with propriety of simple atoihs and of compound atom. When 
two atoms of differefit kinds unite to form a third or compound atom, 'wc may term the 
two first, comp<yniint atoihs; and, if thesq-have noibcen decomposcu, they may be called 
elementary or primary atom, ^ 

The atoms or particles of bodies are also influenced by the fore*: of attraction, but 
not unle* when placed in apparmt contact. Hence a distinction has ' been made 
between ghwwtation, and that kind of attraction which . is effective onlv at insensible 
• distanced The latter J^as been called ; and ithasHbecn furthcmorc 

I subdivided as exerted between particles of matter of the sflfwkind, or between partich s 
I of h kind. 

I ^ttxaction of Aggveg^tioti. — Cohesive attraction, or more simply cohesion, is 
i to be understood that force or power by which particles or atoms of matter of the same 
Jcind attract each other; the only effect of this attraction being an aggregate or mass. 
Thus a lump of copper may ho considered as composed of an infinite number of minute 
particles or integrant parts, each of wdiicb has precisely the same propertic?s as those 
that belong to tbc whole mass. These ai'c united bj’ the force of cobesion. But if the 
I copper be combined with another metal 'such as zinc;), wo obtain a compound (brass), 
the constituent parts of which, copper a> d zinc, arc eomhinccl I))' the power of rhcmivnl 
attraction or ajfinitij ; a term whicii it is proper to restrict to the attraction existing 
between particles of different kinds. In simide 4)0(1108, therefore, cohesion is the; only 
force excrtc^d between their particles. But in compoinjid bodic's wo nmy distingnidi 
the force, withewhich the pmmary or covnpovent atoms are united, fronr that wliich the 
‘ compound atoms exert towar<^ each other ; the former being uniti'd by chemical attrac- 
tion or affinity, and tl^c latter by cobesivc attraetion. , 

Hence wc deduce a Avell-definod and (;asilj api)rcciabli' distinrtion ])etwecn the 
three forces or attractions of gravitation, (cohesion, and chemical attraction, or affinity. 
Gravitation operates between masses of matter, of whatever kind, and at scn.sibh', 
frequently enormous distances, (loiiesion operatc^s between partiedes, not masses^ and 
of similar kind, at distanccj^^hich arc iiiapprcciuble. Chemical affinity, or attraclion, 
operates between particles, not masses^ of dissimilar kind, aUd also at inaj^prc’ca'aMo 
distances. As illustrations of tlie projiri^ty of the definitions assigned to these? three 
forces, a few simple examples raa)' be given.- First, with respect to gravitation, it may 
be remarked that any ponderable substance, of whatever kind-~for example;, a stone, 
lump of metal, or a intee of, wood— if allowed perfect frt'cdom to move, falls towards 
the earth ; thfis proving, that Jillhough a stone, a piece of metal, and wood, are all 
masses of different kind, yet they are affected by a certain force, exerted mutually 
between themselves and the earth, ate distances whi(?h can he measured, and which arc 
therefore sensible. That which has been demonstrated as holding A’iod of three masses 
of ^different kind, may he proved to h(^d good for all ponderable bodies whatever. 
Hence the universality of the law. 

The reader who is just commencing his studies in physics 'and chemistry, may 
probably meet with some examples which are seemingly at variance vrith the law here 
enunciated as universal. Thus hydrogen gas possesses weight ; yet a balloon filled 
with this gas does not | fall towards the earth, hut rises. The apparent discrepancy 
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bctw4ien the plienomcnon observed, and the enimclatod law, consists in f(Lis~^am.cly, 
the presence and the concomitant inftnenoo oi atmospheric air ; which, being heavier 
than hydrogen, sinks beneath the balloon containing tlie latter, jnd lifts it up. 

To iljustratc the pcculiar^naturo of the attraction or force of cohesion, weftnay 
assume a mass of metal to be the subject of observation. By the appli(;ation of sufficient 
force this mass ffiay be dissevered into smaller parts, and no amount of pressure can 
force them so closely^ together that they shall | unite, llonco ;iehesion^ the attraction 
which held the ujirticlos of metal together, and made them constitute one mass, acts at 
insensible distanceij. It is evident, moreover, that the attraction is exerted betweer. 
piirticlcs of fimilar kinds. • 

To illustraje the jyopriety of the definition given to chemical attractitjjj^ affinity, 
the example of blue vitriol may bQ cited. This substance is a mass made up of particles, 
as may be demonstrated by grinding it to powder. But if the WaUest appreciable 
particle of this powder be tdkcii and cxamijied, it will be found to be composed* of | 
sali)bur, oxygen, and copper, united together hy sc^jne force acting at an insensible 
distance, l)ut exerted hetween dissimilar particles. • 

The Operation of Weighing. — All Icrresti-ial substances arc attracted, as we 
haVo seen, towards the earth’s centre, by the force of gravitation in direct proportion to 
their mnss^ or the quantity of matter which they contain ; and the estimation of this mass 
constitutes the process of weighing, so indispensable in all accurate chemical investi- 
gations. Hence the scales or balance become t(>thc chemist what the rule and compasses 
are to llic mathematician — the starting point all his investigations — ^thc measure of 
tlioir correctness. • 

The general functions of a pair of scales are so universally known, that their minute 
de.scripti()u may be tliought unnecessary. The cheTnieal student, however, »vvill do well 
to make himself acquainted with certain points in relation to these insV’uments — ^their 
varieties, their principle of construction, and the theory of their action — some of which *• 
])oiuts are not very obvious from a casual inspection. As to th^ir varieties, it may be 
mentioned that the less delicate instriiiAeuts of this kind are siinj)ly termed scales, imd 
iii’c cnqdoycd for operations of weighing, when moderate accurac}' alone in required ; 
the term balance being restricted to tliosc delicate instruments so indispensable to the 
prosecution of accm*atc experimenV, hut which aro*i^ifittcd for common use. In prin- 
ciple, however, the scales are idonticaf with the balance , — a de.sigifiition v/hich I shall 
hereafter employ in a generic sense. • • 

The balance, as generally defined, he considci*ed as an unifoDn inflexible 
lever, supported horizonfally at the ceiiti-e of gravity, and supporting w'eigbts, at equal 
ilfstaiices from the centre, hy points in the same horizontal line with the centre of 
gravity. Such is the balance theoretically co^-sidcred but rtn practice there is a 
considerable deviation, pai-tly because of the impossibility of securing aM. these condi- 
tions on account of mechanical difficulties, and partly on account of deviations specially 
introduced, for reasons to be described hereafter. •• » 

For the puipoS^of entering upon a con- G 

sideration of the theory of the balance, let ^ 

us assume G to indicate the centre of gravity A B 

in the beam A B which is meant that 
doint on which, if the beam were poised, it 

would remain in perfect quietude. Supposing now a weight to be attached to either of 
the extremities, A or B, it is evident that the extremity so weighted would faU, and 
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that the^orighial horizontal position of the beam could only be maiAaincd by adding 
to the second extremity a weight equal that previously added to the first. •Practi- 
ipsdly speaking, however, a balauite such as here described, in which the extremities arc 
supposed to be on the same horizontal line with the cextre of gravity, is inefficient. 
An instrument of this kind turns with the minimum of added wei^t, it is true, and in 
this sense possesses #hd extreme of delicacy; but when turned, it no Ibnger recovers its 
position by vibration, \ reparatory to ^suming ijts final condition of rest, as a good 
balance should do, but assumes a condition of rest at once. This is t^cchnically called 
setting. Hence practice indicates^ that an efficient 
balance should not have its centre of gi*a<;ity exactly 
coincident with its centre of oscillqj-ion, But more or less 
above it, according to the amoimt of weight tlic balance 
is designed to carry. This deviation is indicated by the 
acoompanying diagram, where G, as before, represents the centre of gravity, and O the 
centre of oscillation. Hence it may be remembered, that in proportion as the quantity 
intehdq^ to be weighed is sihall, so ought the ceiutrc of oscillation to be nearer the 
centre of gravity, or vice versd. 

The greater number of modem balances are furnished with the means of varying 
the position of the centre of gravity at pleasure, by the elevation or dcin-cssion of a 
screw weight, situated either above or below the beam. Balances used for the mere 
< , purposes of mineral assaying need not bo adapted to the carrying of larger amounts of 
weight than thirty grains in each pan i but a delicate balance for general chemical 
analysis must at least be capable cf sustaining a weight of one thousand grains in each 
pan, and, if good, should turn when thus loaded i^ith a thousandth port. Before 
employing ar balance, care should Ij^ taken that it stands quite evenly on the table. 
This is easily seen by means of two spirit levels attached to the base plane of the 
<. instrument case, or by a plumb line. The adjustment may then be readily cflcctcd by 
means of screws regulating the elevation of each comer of the frame, or case, in which 
the balance is contain'ed. i- 

Substances to be weighed should be rarely, if ever, put into the naked pan of the 
balance, but inclosed in a tube or capsule ; nor should they be, under any circum- 
stances, introduced whilst hotter thdn the surroundii^ air. Under these circumstances 
there would be developed an asdending current of air, causing the body to appear 
lighter than reality^ which would of cqurso vitiate the result. i 
: Every care should be taken, by keeping the instrument dry, to prevent rust or 

corrosion ; but if by chance a spot should ll)c rusted or corro4jd, so as to destroy the 
equilibrium of the beam, never under any cii’cumstances attempt to remedy the defect 
by filing, scraping, or, scouring. Fpr the time being, accompliffi equilibrium by 
means of a counterpoise; and, when convenient, let the philosophical instrument- 
maker do the rest. 

All delicate balances ^avc their p(4nt8 of oscillation composed of a steel knife-edge 
working on agate planes. These knife-edges are subject to be dcvmagcd by sudden 
concussions ; hence the impropriety of putting anythi^ into either scale whilst the 
beam is in motion. It should therefore be brought invariably to rest, and the weights 
added or subtracted whilst in .this state. u 

Although a hundredth is usually the smallest submultiplc of the given amount 
employed in praotioG, delicate balimces, such as described, are always preserved in 
glass cases, for Ihe purpose of protecting them against ‘dust and moisture. They 





SPECIFIC GRAVITIES. 


caimot^bc retained without damage in the liboratoiy, but should be kept in a diy 
room, and a basin of quicklime should be placed within thdr case for the purpose o^ 
absorbing acid fumes and moiiture. In addition to the delicate bafance, scales and wdfghts 
arc required for ordinary operationi ; but any special description of these is unnecessary. 

It remains tb be stated that the upward pressure of atifbspheric air against a 
falling body (*. c., ir#the case under ,conside^tion, the body Ticighed)^ is not usually 
taken cognizance of in conducting the operation of absolute wcighijig, 09 distinguished 
from relative weigjiing (t. c., taking specific gravities). In the latter case, however, 
w’hcn extreme delicacy is required, this upward pressure must bo accounted for. 

Taking 9|pecijfic Gzawltles,— As the weight of a boty is the num9rll expres- 
sion of its grilvitating force, so the specific weight, or specific gravity, of a body is the ^ 
numeral expression of its gravitating force in relation to an equal measure pf some 
other body fixed fipon as a convenient unity of comparison. Thus if we consider 4hc 
weight of a given bulk of water, for*fixample, to represent unity, wo may state tkat 
the weight of an equal bulk of eppper, or lead, or mcftiu-y is greater than ,thit of , 
'water in the ratio of 8*667, llj|381, and 13*545, which numbers are said to represent ; 
tl!o specific gravity of theso metals — water being the accepted standard of com- 
parison for all solids and liquids. Again, if wo assume the weight of a given bulk 
of atmospheric air to represent unity, we may state that the weight of an equal 
bulk of any gas or vapour is so much greater or less than that bulk of air, w'hich i 
expressiofts will be indicative of tlie specific gravity, or specific weight, of such gases 
or vapours — air being accepted as the standard or* unity of specific gra'vity for this 
class of substances. * » 

The reason why water has been accepted as j;ho standard of specific gravity for 
solids and liquids, and atmospheric air for gases and vapours, is purely one of conve- 
nience. Any other standard might have been selected without theoretically affecting* 
the result. 

Such being tho explanation*of wh?it is meant by the term specific weight or specific 
gravity, the theoretical means of arriving at the desired result arc ob-vious ; nothing 
more being necessary than to select equal bulks of substances to be operated upon, to 
weigh them, and to ascertain th^ ratio between their respective weights. Thus, for 
instance, a cubic inch of water, accfiratoly measuibd at the tcn9);)eraturo of 60® F., 
-would bo found to weigh ^52*458 grains, and q cubic inch of the qjietal copper 8157*44 
grains, thus presenting the ratio of 1 to 8*667 grains. < 

In practice, howevd. this mode of takfng specific gravities is rendered impossible 
by many impediments. Not only is it impossible to measure out equal bulks of any 
substances, but in many cases it would be impoq^iblo to reduce ^e substance, of whidi 
the specific gravity was desired, to any defined mathematical shape, so as to adapt it to 
the process of direct measurement. Thus, for instance, the case often presents itself 
where tho specific gravity is required of an irregplarly-shaped specimen of metallic ore, 
tho integrity of >Tkich must not bo destroyed ; here the process of attempting to reduce 
it to the form of a cube could not be entertained. Again, the material might be in the 
condition of sand, to which tho theoretic indications of taking its. specific gravity by 
direct measuremcnA would be [equally inapplicable. Hence certain indirect methods of 
arriving at the desired result must be devised. 

In describing theso indirect methods I will first assume tho case of an irregular 
solid mass, of which the specific gravity is desired. The first point to be determined 
is the weight of its own bulk of water, which should seem obtainable by immersing it * 
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in a yessel quite full of that liquid, oud^accuratcly collecting all that portion 6;f water 
^hich might be displaced. Practically, however, this is impossible ; for not only would 
a poftion of the liquid thus circumstanced adhere round the sides of the v^sol, but 
another portion would evaporate ; to say nothing of^the occurrcsnce of the well-known 
phenomenon witnespedr'in pouring a liquid into a dry glass, characterized by the rise 
of the liquid considerably above the level of tly) vessel, lienee some more indirect 
method of obtaining the weight of a bulk of water, equal to that of the substance 
operated upon, must be devised ; and the following consideration repders the obtaining 
of this function most easy. Any substance will, if immersed in water, ht? pressed up 
with a c^ain force equal to the weight of its own bulk of water. *• Hence, if the 
, substance to be immersed be made to depend from one extremity of the beam of an 
equipoised balance, it' is evident that, on account of the upward pressure of t])e water, 
a temporary loss of weight of the substance immersed wtU be sustained ; and ihU loss 
of e weight, being equal to the weight of its own bulk of water, may bo readily deter- 
mined by adding, to the oppofete scale-pan, such an amount of weight as will suffice to 
bring the beam once more into equilibrium. Hence the practical rule to be followed, 
in taking the specific gravity of substances by the method indicated, may bo siicchu’Ciy 
said to consist in weighing the substance to bb examined, first in air, th(?n in water 
and, finally, dividing its weight in air by its loss in water. 

Reducing these directions to a formula, let the specific gravity of a body bo repre- 
sented by G, its weight in air by tr, its weight w'hon immersed in water by w — a* ; 

(i’honG= -"-. , 

W — X 


After what has been said on the variation clFcctc'd by atmospheric air on the 
apparent weight of bodies, it will bo easily inferred, that wdicn extreme delicacy is 
'‘required, the weight of the bulk of air, equal in size to the bulk of substance operated 
upon, must bo taken into consideration. If, therefore, we indicate this element of cal- 
culation by M, the forfiiula will be thus modified • — G = specific gravity, w = weight 
in air, w — x '=. W’’cight in water, u = WTight of air equal in bulk to that of 
the substance operated upon ; 


Tb^n G : 


W + 

The modification, of scalc-bcams, by,which specific gravitiost we taken as indi(;atcd, 
consists of a pan suspended by shorter wires or strings than those employed for 
common purposes, and supplied with a ho5c inferiorly attached to which, by a hair or 
filament, the substance under examination is intended to be hung. The suspending 
filament should be, by preference, pnspun silk or Imraan hair; but hovse-hair is 
frequently use#, and answers sufficiently well when the substance under consideration 
is large, and extreme accuracy in not required. 

The hair, or other filament, employed as a means of suspension between the pan of 
the balance and the substance to bo weighed, may either be attached to the latter 
directly or indirectly : if indirectly, a double metallic hook, as represented in 
the accorgpanying diagram, is employed ; and its apparent weight in water 
must bo t^en into account in calculating the result. Kw this purpose the 
apparent weight in water of the mineral and hook being noted, the mineral 
should be removed; and weights being now added to the suspending pan, until 
the re-establishment of an equipoise, the amount of weight thus added will 
be equal to the apparent weight of the hook in water. 
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water employed is always understood to be distilled water, at a1;emp^ature of 1 
GO^ F*; but rain water, or even spring or rivtr water, may bo employed m some cases. * 
No considerable deviation, however, from the temperature of^ 60® F. should be pc^^ 
]nitted,*a3 in that case the errors arising would be serious ; and care should be^tahen 
that no air-bubbles, which may Accidentally attach themselves to the substance under j 
examination on to the suspending filament, remain whilst tlo counterpoise is being j 
effected. "With distilled water, or Irater thr^ has been boilW, no such bubbles will ! 
occur ; but wWi common water they arc almost invariably pjcsent, and should be I 
carefully Removed by moans of a camcTs-hair pencil. ' 

There arc^ certain cases in which water cannot be thus directly employe^ because of 
the solubili:^ in thftt fluid of the substance to be examined. This rema^^k, for example, 
would apply to a mass of sugar ‘or of soap, both of which are readily soluble in water. 
The specific grewity of such bodies may be determined by employing certain fluids of j 
known specific gravity, and in which they arc insoluble. Thus pure alcohol might be 
empdoyed in the case of sugar, and a saturated solution^of salt and water in the cose of 
soap. * • 

• Another case involves Ihi^taking of the specific gravity of a substance lighter than 
water ; und(;r whicrh circumstances ^t will not sink, and a modification of the process 
described must be had recourse to. The weight of the lighter body in air having been 
determined, and of the heavier body in water, both arc to be fastened together, and 
wcighcMil in water, when their aggregate w^light will fall short of that of the heavier 
body. The weight of the lighter body is n<|jw to be subtracted from that of the heavier 
body, and the remainder added to the weight 6i the former in air. The quotient I 
indicates the weight of a quantity *of water equal in bulk to the lighter body. The 
weight of the lighter body in air being now divided by the latter sum, its specific 
gravity is deduced. , 

The heavier body thus employed may he the supporting hook itself, made for this 
pmpose of adc’quatc Aveigbtj and sufficiently largo to admit pf being bent around the 
substance to bo iiiimc.'rsed. Suj)p)ofiug the weight of atmospheric air to be omitted, the : 
formula in this case will be { 


G = . 

Or n being the weight of air dispdaced by the mineral, 

(r ==• + w 


The method of taking thc'specific gravitji of disintegrat<jd partifcles is different from 
that already described, although in principle it is identical ; the object being in either 
case to determine, as a prcliminaiy, the weight of an equal bulk of water. Jt consists 
in taking a bottle of such a size as to contain a known weight of water — say 1 ,000 or 
500 grains, ^uch a bottle being acciurately filled with water, a given weight of the 
powder to he examined is dropped in ; when it follows that an amount of water equal 
in weight to that of the bulk of substance under examination must overflow, and which, • 
although it cSinot he collected and weighed, for reasons already described, may be 
readily estimated by the loss ; thus furnishing the usual elements of calculation for 
specific gravities. 

Another means of estimating the specific gravity of powders and comminuted 
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partides genezrlly consists in weighing them in a small cup, or crucihle, as horediher 
ropresenlod. • 

Here the cup or other vessel pifirforms the function of the double hook, 
and XQ^st be allowed forSn a similar manner. * 

The process for obtaining the specific gravity of liquids is as foUrfws^:— 

A bottle of such a six^ sAj to contain a known weight of water is filled with 
the liquid to be examined and weighed.^ In proportion as th<? rbhult is 
greater or less thsfiti th^ weight of water, so is the liquid under examination 
of greater or lessor specific gravity. 

Let X = the weight of the bottle filled with the liquid, and stoppered ; 1 / 
the weight^jf the bottle filled with water, and stoppered m the weight of the bottle 
empty (*. a, filled with atmospheric aii-), and stoppered, . 

then G = 

Or Biepposing the weight of air contained within the cup to be estimated, 

then G = 

y + « — 

In order to save trouble, bottles arc sold so* adjusted that they contain a Icnown 
weight of water at 60® F,, usually 500 or 1000 grains, and supplied with counterpoise 
or tare for the bottle or stopper. These instruments arc purchased under the name of 
jive hundred grain or thousand grain bottles^ and are obviously calculated to save time, 
inasmuch as only one process of weighing lias to bo performed, and the specific gravity 
of a substance operated upon is read off at once with6ut any calculation. These 
bottles, however, are seldom correct ; moreover, it frequently happens, in the course cf 
chemical operations, that the specific gfavity is required of liquids of which the operator 
possesses much lesc than 600 grains ; and when more saving of time, at the expense of 
acfeacy, is the object aimed at, this can be still better accomplished by employing the 
hydrometer. ^ 

Ordinarily, the best instrument for taking the specific gravity of liquids consists 
in a segment of glass tube, closed at ono end, and ground at the 
other. Probably the most convenient size for general purposes is 
tl^t represented jsy the accompanying woodcut. 

Grinding the open end may be accomplished, by a common file 
us6d wet, and the cover may be a circular disc of very thin wood 
or glass. Special instructions for the manufteture of small glass 
instruments will bo hereafter given. It may be as well, however, 
in this place to indicate that a thin piece of sheet glass may be cut, 
with tolerable facility, tmder water or other liquid, by means of a 
common pair of schisors ; the contact of liquid preventing the spread of those irregular 
vibrations to which fractures are attributable. Having in this way cut out a 
disc of tho size required, its edges shouffl be trimmed by means of i^wct file ; and 
being numbered or marked, its weight should be taken, and recorded in the laboratory 
book for ref^nce. 

In whatever pieces of glass apparatus, subject to the operation of wgighing, ground 
edges occur, care should be taken to have the grain so fine that no chips are likely 
to be removed ; otherwise the weights indicated fi>r each would be liable to continued 
vavie^n. 
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^ho operation of scratching on glass may be conducted either with a^variety of i 
diambnd, known as the scratch diamondy soldHby thianame on purpose ; or, what is just 
as effectual, the angular extremity of a newly-broken hie. • Sometimes, instep off a 
convehtional mark inscribed on a piece of glass before weighing, the actual weight, of 
course written ^er weighing, iS inscribed; this, howeyer, is^ bad plan, inasmuch as 
the abrasion thus accomplished necessarily yitiates the wei^t. * Supposing a disc of 
glass, haying the eiroa* of the diagrJbi below, tto haye the quantity (gs. 10*59) inscribed . 
on it, the abraded glass thus remoyed would scarcely amount \x> ^ 

less than the tw(f-hundredth part of a grain— an error more than 
sufficient to yitiate the result practically. . , ^ 

It rcmatis to append yet a few other remarks on the subject of \ 

taking specific grayities by these little cups. The liquid haying jr 

been poured in at the proper temperature, rather aboyo the leyel / 

of the edge, the glass disc or coyer is to be put on with a sliding 
motion, so as to exclude eyery bubble of air. Thia operation will « 

necessarily cause a portion of th(f liquid to oyerflow and stick about the sildcs, fi‘om 
^W'hich it should bo romoye<ff by the continuous uso of blotting-paper ; and tho cup 
should on no account be subjected jto prolonged contact of tho naked hand, which 
would have the effect of causing the liquid to expand and oyerflow. The cup must 
either be steadied during wiping by means of a paper loop, or else by the finger^ 
protect^ cither by gloyes or intcryeningf cloth from immediate contact with tho 
glass. ^ 

Occasionally still more delicate moans must 1)0 had recourse to for taking the 
specific grayity of liquids. The liifuid to be examined may be so exceedingly yolatile, 
or so small in quantity, that the mere act of poiftring it into a cup would be attended 
with such a loss as would preyent tho coyer fitting with accurosy. Under these 
circumstances the following plan may bo had recourse to ; — 

Construct, out of a glass tube, a small bulb with a tubular ^pillary opening, 
and when cold weigh it. Next winft a small piece of platinum wire loosely y L 


round the hooked part of the neck, thus : 
liquid to bo operated upon in a tube, 
mouth of the tube now with \ig jjjiumb 
ing the flame of a spirit-lamp to the tube 
air within tho bmb will expand and 


and plunge the bulb into tho 


►.thus : 

contain- r^rT 


Coyer the ® 
and apply- 

^ ^ . ^ „ , ing tho liquid, the 

air within tho bmb will expand and emerge. | * Now, on ^aUowing^ 

tho contents to cogl, tho liquid wil4 rush in I through the capil- 
lary orifice, and partly fill the bulb. By one opera- tion, howeyer, tho 

bulb can neycr be completely filled. The heating pust be seycral 

times repeated to accomplish this. . When ^e bulb is * filled, the tube 

should bo first allowed to cool to the temperature of the ^ sArrounding air. 

It should then be immersed in water at 60°; and, A finally (tho bulb 

being remoyed, and dried, if necessary, by ^eans of [ ] blotting - paper), 

it should be welched. 

Tho unit of specific grayity for gases and yapours is, V J as I haye already 

obseryed, not water, but atmospheric air; and, although the process of taking the specific 
grayity in this c%e presents some practical difliculties, its theory is very simple, being, 
in point of fact, precisely analogous to the theory of taldng the specific grayity of fluids. 
A flask, or bottle, haying been weighed when full of atmospheric air, the vessel is exhausted 
by means of the air-pump, filled with the gas or vapour to be investigated and weighed 
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l^ain. Icl direct proportioa as its contents are lighter or heavier than before, so is^o 
substance under examination or he&vier than an equal bulk of atmo^herA: air. 
The n^eral expression of this diroienoe is its specific ^vit j. 

All that has been said, as to the necessity of avoiding* naked contact of th9 hand 

their specific, gravity taken, 
applies with still greater 
force*to*such easily expan- 
sible bodies aa gases. More- 
over, caro*should be taken 
that the gasys under ex- 
amination hav% been per- 
fectly dried. This is ac- 
complishedfby calusing them 
*to traverse a tube filled 
with pieces of dry cliloridc 
of calcium. The subjoined 
diaginm represents a tuhe^ 
of chloride of calcium (0), 
a mercury trough (M), 
and a flask previously exhausted by means of the air-pump (F). 

* The operation of taking the specific gfavity^of vapours or forms of matter which 
retain their elastic gaseous state only within certain ranges of tcinporaturo, requires 
another mode of procedure. Two processes have 
been devised for ejecting this : one by M. Gay Lus- * 
sac, and the other by M. Dumas. The process of 
M. Gay Lussac is as follows : — A small bulb of 
g^ass (drawn here on a magnified scale. A), ter- 
minating in a small capillary jet, is filled with 
the liquid substance, whose vapour is to be ex- 
amined. The orifice of the jet is fased by means 
of the blow-pipo flame, the Wb wipjifl dry, and 
placed aside for present use. A dj^h of mercury^ 

{a) is now taken ; a graduated tube (c), also full of 
mercury, inverted ofer it, as in a phcumatic 
trough ; and the dish, along with its tube, to 
heat over a small furnace {b). The bulb just treated 
of is now thrust under the mouth of the tube, 
without raising the lattei^om tiie merofiry ; when 
it is evident the loulb will rise through the column 
of mercury, until stopped by the dosed end of the 
tube. Matters being thus far arrange^, a cylin- 
drical glass {d)f open at both ends, is passed over 
the g^uated tube, and lowered ^until one end 
touches the surfitce of the mercury in the tube, and thus becomes a vessel of capacity, 
into which some oolouxless oil is poured, until the indosed g;radtiiiSed' tube is com- 
pktely covered. The loiiiace heat being now*gradually raised, the mercury becomes 
haik i commuiueatiiig its heat to the Dquid contents of the little bulb, which form 
press ootwarda^ burst the bulb, depress the meroury, and pervade the tube to 



with vessels contain^ Jliquid under process of having 
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the, extent of vapour formed. This extent can be read off through the oil, and expresses^ 
the cubic contents of the vapour, corresponding -^ith the temperature of. the oil and 
the ^ercuiy at the time the operation; which tempera! are is taken cognuanco of 
by a thermometQT. It is evident that the operation just described fhnushes’us with 
all the elemeats for learning the specific gravity of a '\gEipopr at the temperature at 
which the operatioz^ may have been conducted; and its specific gravity at other tem- 
peratures may be deduced by mcsuui of a balculus, to be explained hereafter. This 
process answer^ quite well for takinj^ the specific gravity of many vapours ; but it is\ 
inapplicable to those whose existence depends on such an amount of heat as would ■ 
cause the decomposition and blackening of the sun'oundii;ig oil. ) 

The process of M, Dumas is applicable to aU vapours whose temperature does not 
exceed that of melted glass, and is thus conducted : — Into a bulb of glass, with a lovg 
capillary jet, ds in the diagram, is put a ^ * 

small portion of the substance to be va- 
porized ; and the bulb being completely 
immersed, by moans of ^ contrivance 
^ represented in the diagram, in a metal bath 
of tin, lead, and bismuth, tho latter is 
heated, until the contained substance 
rises in vapour, and all the excess of it^ 

over dud above the amount necessary to ' * 

fill tho bulb escapes through the capil-* 

laiy jet. This point may be known to be arrived at when a current of vapour is 
no longer given off ; and being observed, the end of the capillary jet is sealed, 
the bulb removed from the metal hath, cleaned, and when cold accurately 
weighed. Supposing tho operation described to have been accurately conducted, ^jehe 
whole bulb will, if the end of its capillary jot bo broken off under mercury, become 
filled with that metal. Accordingly this is tho next step of^the operation : — The bulb 
thus filled with mercury, and, with the broken-off end, being placed cold in the 
balance-pan, are also weighed. Finally, tho mercury is removed, weighed alone, and 
now we have the whole df^ta necessary for^calciilating the specific gravity of the 
vapour, as wiU presently be recognised. 

1. By weighi]^ wo learn the weight of bulb and its vaporous contents. 

2. By weighing we Icam the weight ol the bulb filled wit2 merenry. 

3. By weighing we also Icam tho Weight of the mercury, whence its volume may 
be accurately deduced, inasmuch as one cubic inch of mercury weighs 3425‘3d grains. 

1 But the total weight of bulb and mercpiy, minus the weiglrt ef mercury, is equal 
to the weight of the bulb alone ; and the weight of vapour first included is equal to 
the weight of the bulb, plus vapour minus tho weight of bulb. ]\loreoyer the weight 
of mercury contained being known, and hence its bulk, the weight of atmospheric air 
equal to that kulk of mercury, may be deduced by calculation. 

In addition to the methods of taking specific gravities already described, there exist 
others which, although not so correct, afe occarionally more convenient, and thus bettor 
adapted to thfw>rdinary requisitions of commercial and manufacturing chemistry. 

Of these instruments the one most usually enqdoyed is that which, in a generic 
sense, is termed tho hydrometer, a term uriiieh means the measurer gravity 

understood) of water. This instnuneni, however, has various namesy.amiidingly as 
it may be graduated for alcoholic liquors, when the speoiie term alodhoHineter is 
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«ap^6d ; f(& milk, when it is called a lactometer ; for sugar, when it is oallgd a 
saccharometcr, &c. In jjU cases, however^ the principle of its construction 
is the same, sAid founded on the obvious property possessed by a Jbody 
floating upon a liquid of sinking or rising,^in proportion .as the liquid in 
which it flo^ts^is lieavicr or lighter; or, in other words, possesses a j^ater 
or lesser amouqf of specifle gravity. H;^dromctcrs ar^giaduated in nume- 
rous ways; but they invariablj- consist of an elongated vertical stem, a 
buoyant buA), or else a buoyant soli^expansion, and a ter^pinal weight, as 
represented in the accompanying diagram. 

t Cohesive Aittvactlon is a property which is common^ to a ^at variety 
of bodies. It is most strongly exerted in solids, and in these it is propor- 
tionate to the mechanical force required for effecting their disunion. In 
liquids, it acts with considerably less energy ; snd in aeriform bodies we 
have no evidence that it exists at ^ ; for their particles, as will afterwards 
be shown, are mutuiilyl-epulsivo, and, ifjnot held together by pressure, 
keparato" to great distances. The force of this attraction is not only different 
among different bodies, but in various states of the samo body. Thus, in * 
the cohesion of certain metals (steel fer instance), important changes are 
produced by the rate of cooling, by hammering, and by other mechanical 
operations. Water, also, in a sohd state, has considerable cohesion, which 
is much diminished when it becomes liquid, and is entirely destroyed when 
it is changed into vapour. / * 

The most important view, in which the chemist h|i8 to i^onsider cohesion, is that of 
a force either counteracting or modifying chemical affinity ; for the more strongly the 
particles of any body are xmited by this power, the less arc they disposed to enter into 
coxj^bination with ftther bodies. In many cases, a very powerful affinity existing 
between two substances may be rendered wholly inefficient, by the strong cohesion of 
one or both of them. Hence it has been received aq an axiom, that the affinity of com- 
position is inversely proportionate to the cohesive attraction. To the language, however, 
in which this axiom is expressed, it has been justly objected, that it implies an accuracy 
of proportion between the forces of cohesion and chcmkal affinity, which cannot be 
proved to exist; sinc^all that can^ruly bo affirined is, in general terms, that the 
affinity of composition is less effective, as the attraction of cohesion jp stronger. 

^ The cohesion of bodfes may be overcome by mechanical operations, as by rasping, 
grinding, pulverising, and other modes of division, which are fcncrally employi^ 
as preliminary steps to chemical processes. In some instances, even a minuter 
division of bodies is necessary than can bo accomplished by mechanical means ; and 
recourse is then had to prempitatiOn. Silica, for example, in the state of rock crystal, 
may be boiled for a long time in liquid potassa without any appearance of chemical 
action. It may even be bruised to the finest powder, without being rendered sensibly 
soluble. But when first precipitated fronf a state of chemical solution, i^s readily dis- 
solved by that menstruum, and even by some weak acids. 

A viduable process in analytical chemistry^epends on the application of this prin- 
cdple, and its remembrance may be facilitated by its introduction in this^lace. In the 
fu^ysis of a silicious mineral, after evfry constituent of which it is made up has been 
bre^ght into solution, the silica is separated by evaporating the whole to dryness, and 
an add. Pr^ous to evaporation, the silica was soluble both in acids and 
a^arently because its cohesion was reduced to the lowest grade. After 
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o^poration ^ is no longer soluble, appareintly because the cohesion befveeiyts particles 
h^Jbccn increased by the contraction due t%the evolution of the solvent in which it was* 
held. Ilence, in actual analysis, the whole evapjirated masters being treated within an 
acidj^cvery constituent, silica excepted, is dissolved. 

Cohesion may be countcrac|ed by heat, applied so as to melt one or both of tho 
bodies, if fuSiblo; or to raise them into vapour, if volfti]^. Lead and sulphur 
contract no unios^ till one or botl^of them^are melted by hsat. Arsenic and sulphur 
are united most effectually, by bringing them into contact, when both arc in a state oil 
vapour. ^ i 

CohSision may also be counteracted by solution ; and this is so genera^ a condition 
of chcmi(^ uni^n, that it was formerly received as tin axiom, that bodies do not 
act on each other, unless one or both are in a state of solution ; a principle, to which t^e 
progress of chemical science has since discovered many exceptions. • 

Solution*is a term applied to a very pxtensive class of phenomena. Whenia solid 
disappears in a liquid, if the compound exhibit perfect transparency, wc have an oaample 
of solution. The expression issippllcd, both to the otM of combination, and^o the restdt 
of the process. When con)yion salt, such as is used in cookeiy, is agitated with water, 

* it disappears ; in other words, its solution takes place ; and we also term the liquid 
which is obtained a solution of salt fn water. This is one of the simplest cases that 
can be adduced of the efficiency of chemical affinity ; for solution is always the result 
of an affinity between the fluid and the ^olid which is acted upon, often feeble it is 
true, ^ct sufficient in force to overcome th| cohesion of the solid. This affinity con- 
tinues to act, until, at length, a certain point* -is attained, where the affinity of the 
solid and fluid for each othelr is balanced by the cohesion of the solid, and the solution 
cannot be carried farther. This point is callqid saturation, and the fluid obtained is 
termed a saturated solution, ^ 

With respect to common salt, water acquires no inerease of its solvent powei*by 
the application of heat ; but there are various salts with which water, though satu- 
rated at the common tcmpcratuBc of the atmosphere, is ybt capable of dissolving a 
further quantity by an increase of its temperature. When a solution, thus charged 
with an additional quantity of salt, is allowed to cool, the second portion of salt is 
deposited in a form rescmbUii^ its original onef In a few instances the solvent power 
of water is diminished by raising its temperature. Of this, Ai example is furnished 
by quicklime, whi4di dissolves more abundantly in cold than in^ot water. ,3om6 salts, 
also, have the property of dissolving most abundantly in wnter of a certain temp^ 
rature, and of beiil^ less soluble cithm: above or below that temperature. Such are 
the sulphate and seleniate of soda (3d Ann. de Ch. et do Phys. 10!^. 

Cx3rstalUBation. — ^To recover a salt irqin its solution, if its solubility does not vary 
with tho temperature of the solvent, as common salt, it is necessaxjito expel a portion 
of the fluid by heat. This constitutes the process of evaporatwn^. If tho evaporation 

be carried on very slowly, so that the particlfs of the solid may approach each other in 
the way best adapted to them, we obtain solid figures, of a regular shape, called c?yi- 
tdls. The crystallization of a solid may also take place from that state of fluidity which . 
is produced by heat. Thus several of t&e metals crystallize on cooling from a melted. 
state; and son» veflatile bodies, as arsenic, assume, when condensed fiom the state of 
vapour, the shape of regular crystals. 

In the act of separating fiK>m the water in'which they were dissolved, the ozystals 
, of almost aU salts cany with them a quantity of water, which is essential to the xegu« 
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Iftrity of th^ir fofin, and cannot be expelled witdiout reducing them to shameless mass^. 

is termed their wate^ of eryotallization. !(ts proportion varies in different salts ^ in 
Bonte it is extremely small ^ in othei!^ it constitutes the principal part of the salt, and 
is even abundant as to liquefy them on the application a? heat, producing wl^at is 
called the watery fumn. In every salt it exists, not ip an nneertain'ibut in a definite 
proportion, bearing in the same salt the same ratio to the solid saline m&tter, 'but dif- 
fering for different salts. The water of cryptaUizatiqn is retained alscrin different salts 
f vith very different degrees of force. Some crystals, which lose their wato:^ ingredient 
^ by mere exposure to ^o atmosphere, are said to effloresce ; or in some the loss is so 
complete tha^ they become anhydrous that is, others retain variable quantities (ff water, 
aceording to the hygrometric state of the air. (Ann. de Ch. et d^ Ph. itpdi. 334.) 
Otjior salts, on the contrary, not only hold their water of crystallization very strongly, 
but even atitract more ; and, on exposure to the atmosphere, become liquid, or deliquiate. 
The property itself is called deliquescenoe. Tj^cre are, however, a few salts (as sulphate 
of pot&ssa and chloride of sodium) ^which, though their forms arc perfectly regular, 
contain ^^essentially no water o/crystallization, but yet hold a very small portion, 
mechanically retained beta^cen the plates of their crystals. ' 

When two salts are contained in the same solution, which vary in their degree of 
solubility, and which ^have no remarkable attraction for each other, they may be 
obtained separate. For by carefully reducing the quantity of the solvent by evapora- 
tion, the salt whose particles have the greatest cohesion will crystallize first. If both 
salts are more soluble in hot than in cold water, the crystals will not appear till the 
liquid cools. But if one of them, like* common salt, is equally soluble in hot and in 
cold water, crystals will appear, even during the act of evaporation. In this way wc 
may separate nitre from common salt, the crystals of the latter being formed during 
evaporation ; while j;hose of nitre do not appear till some time after the fluid has cooled. 

ISalts, which are deposited in regular shapes, generally adhere to the surface of the 
vessel containing the solution, or to any substance, such as pieces of thread or of wood, 
introduced for the puipoSe of collecting them. Put a still more effectual way of 
induoing crystallization is to immerse, in the solution, a crystal of the same kind with 
that which we expect to be formed. The crystal, thus exposed, receives successive 
additions to its several surfaces, and prelervcs its form, ^h a considerable addition to 
its magnitude. This cifrious fact was originally notified by Lo Blanc, who has founded 
on it a method of obtaintug large and perfect crystals. 

• In some instances, the^' affinity of a salt for its solvent is so powerful, that it will 
not separate from it in the form of crystals ; but will yet crystallize from another fluid, 
which is capable of dissolving it, and for which it has a weaker affinity. Fotossa, for 
instance, cannot be made t^rystallize &o«l its watery solution, but will yet separate, 
in a regular form, from its solution in alcohol. 

To clear away from any crystalline product the mother water ^ as the remaining 
fluid had been oaBed, Kobiquet recommends the transmission, by suction, ol a current 
of air through the crystals. The simplest way of doing this is to place<he crystals in 
a glass fhnziel, the pipe of which is loosely stopped by a little cotton wool, and then 
fixed in one of the mouths of a two-necked bottle, the juncture being made as nearly 
air-tight as possible. A bent tube being also fixed tightly into the ether neck, and 
the air suedred through this tube, the crystals are cleaned in a frw seoends. 

Bis usual with many ffireign writers on ohemistry to make a distineiion between 
t!m meSiuxig of the terms sind dAmMim, By the finmer, they understand the | 
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mSro conversion of a solid into a Hqnid \>j some menstruum, or tlis union of two 
liquids with, each other, without any other change of quality b€SB|r o&oted, except as ' 
regards the state of cohesion ; by the latter, they bkderstan^ not (mly the overeomjjig 
of cohesion, but the alteration of chemical quality. Thus common BodA (carbonate of 
soda), if ^cated with a suMcieni amount of water, becomes converted into an alkaline 
liquid, from w!dch, if the water be driven away by heat, carlkmfite of soda unchanged 
remains ; but if, iAstead of water, |ulphuric^id (oil of vitriol) be used, then the soda 
is, as before, ^quelled, but its chemical consiitution is altered ; so that, on driving the j 
excess of fluid away, carbonate of soda is no longer reproduced, but a combination of it 
with sul^iuric acid. 

The attfaction«of cohesion is the force which, as we h&ve seen, causes mmilar par- ; 
tides to become aggregated into a mass. But masses thus generated may be charac- | 
terized by onc^of two physical qualities. They may cither assume wdl-definpd regular 
shapes, bounded by planee^ and angles, they may be totally devoid of such Aguiar 
shape. Bodies oi> the former kind arc said to ^ c^stallinc; and the mathematical 
solids which they generate are termed crystals. Aose of the second kind fireHermed 
^ amorphous — ^that is, withoul^form (deflnite mathematical form understood) ; and bodies ■. 
generating such masses arc said to be amorphous. [ 

A casual examination of solids would lead to the impression that the crystalline i 
state is the exception, not the rule, and that by far the greater number of bodies is i 

and when the reverse obtains, it is due to a variety of interfering causes. Bodies, > 
seemingly the most opposcS. to the ciy'-staUine state, nevertheless can be sometimes 
made to assume it by aitifleial means ; and mai^ bodies, seemingly amorphous, can, by 
a treatment hereafter to be dcBg:ibcd, be demonstrated to contain within their sub- 
stance crystals in a latent form. 

As an example of the fomer, the simple bodies, sulphur and phosphorus, may be 
mentioned ; neiUicr of which, in its common state, has the ap;^rance of crystallization ; 
sulphm* being a well-known hard amorphous substance, and phosphorus soft like wax. 
Each, however, may be made to crystallize by proper treatment ; and so strongly 
developed is tiic crystalline t\idency in sulphifl:, that it may be made to crystallize in 
two different systems. * * 

Cai'bon may b9 cited as another instance. In the most q^ual condition in which 
this clement occurs, namely, as charcoal, it is totally devoid of crystalline aspect. 
Nevertheless, unde? modified circumsfimees, it not only crystallizes, but, like sulphur, 
crystallizes in two distinct systematic ibrms. In the diamond, carbon furnishes crystals 
belonging to a system presently to be treat^ as tbc cubic qr tessular ; and in plumbago 
it crystallizes in the rhombohcdral system. • 

As examples of bodies not seemingly crystalline, out of which, nevertheless, a 
crystalline structure may be developed, the following instances may be selected. 

The usuaWorm of alum is crystalline ; but not imfrequently masses of it, seemingly 
amorphous, may be observed. If one of these masses be immersed in a limited porticai . 
of cold water (about 1500 grains of alum to 15 measwd ounces of water), be set by in 
a quiet plaoe %r three or four weeks, and attentively vrsetehed, the following pheno- 
menon will be xecognised. The alnm, b«ng very solulfle in water, will begin to dis- 
solve, but not regularly every part of its surface alilto» 1^ 

be dissolved out, leaving other porthms unacted upon by the (advent. GieduaHy the 


amorphous. There is reason to believe, hawever, that the direct opposite of this is 
true— that all solids possess the tendency tq assume a regularly crystallized condition ; 
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rexaaining 2>orti<^ will be Been to baye assumed (gystallme forms of octohedrons, itfid 
* sections of octobedrons in bigb relief, and of yarious dimensions. These will baye 
w^stood tbe disintegrate agene/ of tbe water, apparently because of the greater 
permanency imparted to them by that complete exercise of cobesiye force wbicll bad 

been eiiq>loyed to generate crystalline 
forms. This new process of dissection 
admits of extensiye*a;ftlication. Borax 
in the course of six weeks ejbibits eight- 
sided prisms with yarious terminations ; 
and other salts may be ma^o fb unfold 
their external structoe by ••the slow' 
agency of. water. Carbonate of lime, 
carbonate of strontia, and carbonate of 
,, baryta, givo ulso distinct results when 
acted upon by weak %cids ; and eycn 
amorphous masses of metals, which have 
a tendency ‘ to assume the crystalline 
form, such as bismuth, antimony, and 
i nickel, when exposed to very dilute 
nitric acid, presented at the end of a few 
dgys distinct crystaUmo forms. Large crystels of sulphuret of antimony, as discovered 
by Mr. Faraday, admirably illustrate this ; ^nd it is also Mr. Baniell's mode of dis- 
playing crystalline texture. When such a crystal is introduced into a portion of fused 
sulphuret, it is found to melt down, but not uniformly, for crystals are left more than 
half an inch long projecting from it. (Quart. Joum. i. 24, and xi. 202 ; also Journal 
of Boyal Institution, vol. ii.) , 

Jn this manner,^hy employing proper solvents, many bodies, not commonly asso- 
ciated in our minds with the crystalline character, may ])e shown either to contain 
crystals, or to manifest s&h appearances as shall bo indicative of that exercise of 
regular cohesive force which, if further developed, would have ended in crystallization. 
Thus, if a piece of tough iron wire be exposed to the action of weak sulphuric acid and 
water, it will not be dissolved on all partis alike, but the pjpenomcnon manifested by the 
alum will be repeated, dSthough to a Idks marked ext&t. Regular crystals will not be 
developed (although iro^ is capable of asseiming such) ; but long strim will appear 
gigiog the iron the aspect of a fluted column, and indicating that even in this seemingly 
amorphous mass the power of cohesion had begun% assume a certain symmetry of agency. 

Before proceeding to cite other instances of seemingly amorphous masses developing 
under proper treatment a qjrystalline structure, I shall here mention a point of deep 
practical interest concerns the semi-crystalline state, which even wrought-iron 
(cast-iron is obviously crystalline) possesses to a slight extent, and which can be fur- 
ther developed. It is said that a wroug^t-iron bar, however non-crystalline, and 
therefore tough, may, by a series of beatings, hammerings, or other c^ussions, be 
made to assume the semi-crystalline character. This is what theory would have 
indicated and is quite consistent with analogies. The importance of being 

aware of this fact is very great. The tenacity or toughness of iron entinfly d^nds on 
its freedom from the non-crystalline state; hence the acquisition !of this state must 
^necessarily prove detrimental, often dangerous, in all cases involving the use of wroui^t- 
iron for engineering putposes. Attention has been chiefly directed to l3ie fact in 
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rei^ence to the axles of railway carriages, which are said to become brittle after long i 
use, Bn account of the continuous friction aiM percuMion to which, whilst in use, they 
are exposed, gradually inducing the crystalline stalS. This 4s just what migl^ ha^e 
been fxpected, a priori, Parallel instanoes are frequently seen. For example, the 
non-crystelHne^ of amorphous character of barley-sugar is 'i^ell-known ; yet in this 
substance the tendency to a crystalline state is so far from be^g* absent, that when set 
aside for a time, aid hiore especially if exposed to the solar rays, nunute crystals first i 
become dcveleped on its surface, imparting a general aspect of opacity. Gradually 
these crystals extend, penetrating deep into the substance, unt^ the whole stick 
becomes c^i^alline. 'Whilst the barley-sugar was amorphous and transpirent it was 
also tough ;»now, kowerer, it will be found to have become brittle, and may be frac- 
tured by a slight blow, or broken asunder by the application of a slight lateral force. * 

Brass- wire frimishes another example of the assumption of a crystalline s&te by an 
originally non-crystalline body. When new, it is remarkably tough and pliable yet 
after it has hung for some time exposed to mutations of temperature, and the i^ency 
of chemical fumes, as in a laborifiory, for instance, it occasionally becomes so brittlo 
jhat a very slight force servei^to rend its particles asunder. Silver occasionally assumes 
a precisely similar condition, as ma^; frequently be observed in vessels of ^is metal 
used for chemical purposes, and exposed to sudden mutations of heat and cold. Glass, 
too, although completely amorphous when first made, takes on the crystalline aspect, 
by age.. Many specimens of ancient Egypti&, Boman, and Grecian manufacture l^ye 
come down to us in this condition. * 

A similar observation has been made by Dr. M^OuUoch, as regards the crystalline 
texture sometimes acquired by ceftain sorts of sandstone which have suffered long 
exposure to heat, as forming the hearths of f umadbs. Common white arsenic (arsenious 
acid) also presents a familiar example of an amorphous body changiflg to a crystallii^ 
ono. When newly sublimed arsenious acid is usually tran^arent like glass, and pre- 
sents a conchoidal fracture ; but after the lapse of a certain pefgod it becomes opaque, 
owing to the formation of innumerable crystals. This change, although usually the 
result of a considerable time, sometimes takes place suddenly, as Professor Bose has 
remarked; and in connexion with the sudden /change ho has mentioned a curious 
phenomenon. If the vitreous ^d dissolved in lv)t dilute hydrqphloric acid, crystals 
of the opaque variety are occasionally deposited, a bright flash of light being emitted 
at the formation of dlich crystal. If the hyfrochloric acid solution be made mill the 3 
crystalline instead of ^e vitreous arseniqus acid, the peculiar result just mentioned 
does not take place. ^ 

It would appear, then, from a consideration of these instances, that the amorphous 
state of cohesion is by no means to be considered as the zdbre general tendency of 
inorganic matter. 

Not alone do many seemingly amorphous bodies gradually assume a crystalline 
character, but certain crystals haf e been found*to separate themselves after a time into 
smaller fragmenSuy crystals, sometimes of a different shape. Thus, if crystals of 
sulphate of magnesia, or sulphate of zinc,v4>e heated in oil to a temperature of about 
126° they become opaque ; and on being fractured the particles are found to consist of 
a multitude of li^^le crystals. (Methuon in Quart. Jdur. 1 ., p. 123 ; Gregory Watts, 
Ph. Trans. 1804, p. 279 ; also Mitscherlich). Prismatic cr^tals of sulphate of adckel 
and seleniate of zinc (Brande, Manutd, p. 129) when exposed to tiie suu become 
opaque, wd break up into small octohedrons. 
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<It IB oecesSuy to remember that tbe appdQetioii thmorphouiy alwugb liteaiJly 
signifying absexice of form, is used by nsriters on crystailograpby merely to indicate 
tbe absence of one quali^ of for:&, namely, tbat defined by straight lines and anj^s. 
The ^[tiality of form manifested by organic beings, and characterized by curves is not 
^ken cognizance of by the term amoi^hoiifi. In general terms wesnay state that the 
peculiar exercise of cahesion, which results in the formation of crystal^, belongs exclu- 
siyely to inorgamc bodies, and is incon^atible w»th the existence of life. Hence a 
crystal may, in generaljtcrms, be stated as the most perfect manifestatiqp of a dead, as 
an organ is the highest manifestation of a vital or living, being. » 

In or^^ry language, the term crystal is associated with transparcnly ; in the 
language of science, however, this idea is much extended. A (nystaf ^uced not be 
•transparent, nor colourless ; on the contrary, it may be of any degree of opacity and of 
colour, the only quality necessary for it to possess, in order to come under the denomi- 
nation of a crystal, being that of filling a fpace bounded by right lines and angles. 

T)he next important point Jp bq investigated, in the study of crystals, is the different 
amount of cohesive force exercised in different parts* of a crj'stal. Thus, for instance, 
it is well known to lapidaries that a crystallized precious stone cannot be cut with 
equal facility in • all directions. It is equally well known to mineralogists, also, that 
crystalline minerals, when let fall, or struck at* random with a hammer, do not break 
irregularly, as might without trial have been supposed, but shiver into geometrical 
fragments, having some close relation to the original form. In this way mineralogists 
have dissected crystaJlino bodies, so to^speak, with the object of discovering the 
primitive forms of which they were assumed to be composed. 

• The usual figure of Derbyshire or Fluor-sparj is a cube, which, if wo strike with 





^ Cube. * Oftahedron. * Fair of Tetanhedrons. 

A hammer in various directions, will only b# found to yield really in one scries. The 
■ solid angles readily chip off, but it will be impossible to strike 

j ^ or out off regular dices parallel with the cubic faces. Pro- 
: * ceeding in Way, dissecting off the angles or comers by 

\ • / degrees, wc develop a new series of forms^ First of all we 

destroy any, or aU, of the four solid angles of the cube, rc- 
I placing theaf by plane trftiiigles~-inoreaBnig in area as the 

I dissecrion prooeeds^-until we endby genezStingafigurewith 
eight sides, the oetshedron with square base, and wHch may 
^ be oonceiyedix) be the result ofplaci&gtogdlher, base to base, 

, apair ofteteiahedroai^ ^ 

usual fimn of ealo ifpax is a six-dded figure, with plane ends (the hexagonal 
pzM). If we proceed to dissect a crystal of Utas kind we riddl find asetiii^ law Of 
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cleave to bo manifbctted. Here, it is not the loM angles idx&di yielA to the 
hlois^, fior all of the sides mdisciirntnAtely , Mt the ^eafvage takeepiaoe as fdUovs 
Of the SIX e^ges on the superior plane of the cj^stal, thi€e yield in a idi^tinjf 
* directien; and out of the six edges on the inferior plane three 

- , * also yield in 1:his maimer ; but in a condition of double alter- 

/ nation, that is to say, numbering the ^coftesponding superior 

/ \ and inferior pldhes, as in the diagram; those of the superior 

A. ' plane which yield corresponding with the y. 

numbers 2 4 6; those of the inferior plane \ 

\ 4 which yield will ho 13 5. Proceedii^ in \ 

yv—i . dissection, we ultimately z'' \ \ 

•y W arrive at what has been called the primitive I \>/^ 

/ Vi form of the Iceland spar, namely, a rhombo- 

'v / hedron, or solid figure, aM of whoso sides are . \ \ ^ 

\ / parallel, and whose planes atn T^iombs; \ [ 

j moreover, the*cobesive force which deter- \|y^ 

, mines the formation of this rhombohedron is 

so nicely balanced that the angles which measure its supei-ficies are lOo® 5' ; and 
inasmuch as no known substance crystaUizos in rhombs of exactly this angle, a 
mineralogical characteristic of Iceland spar is obtained. Other bodies crystallize in 
obtuse rhombohedrons ; thus, for instance,* pearl-spar, iron-spar, and tourmaline 
crystallize in rhombohedrons ; but the rhombohedrons in all these cases vary as to 
the measurement of the angles. . The primitive angle of pearl-spar is 106® 5', of iron 
spar 107'’ (Wollaston, Phil. Trans., 18f2), and of tourmaline 113® 10\ 

In stating these measurements, however, it is ‘’hecessary to remark that they are 
only correct for a mean temperature of 60’ F. It will be shown hereafter that it is a 
property of all crystals, save those belonging to the tcssular or cubic system, to expand 
' unequally on being heated, and,^ therefore, to cause an angular vajiaticn, Mitscherlich 
(Ann. de Ch. ct Phys. xxv., 108) has remarked that the angular variation of Icdand 
spar, between the temperatures of 32® F. and 212®, differs to the extent of 8^ 6' ; that 
is to say the smaller axis of the rhomboid dilates iporo than the longer, ^us causing 
the rhombohedron to approach thJ^cubp form. , 

Although every body susceptible of crystallization assumes a limited number of 
crystalline forms, whiSi generally belong to bne particular systJm for each body, 
yet it is not a fact, as j|ras once supposed, i^at identity of crystalline form bi^eaks 
identity of chemical composition. The recognition of cryst^ine forms, however, 
by the exact measurement of crystalline angles, is so necessary a of chemical 
science that a description of the instruments termed gonidmeters — for effecting 
this may not be out of place here, although the science of CrystallograjAy has been 
so largely dwelt upon, in another department of this work, by Profensor Tennant and 

the Bevt W. Mtchell, as to render any lengthened 
details unnecessary here. Carangeot*B goniomefter, re- 
prewmted by the fonowing woodiCnt, consists of two 
n — ^ metal rulers fastened together at ^c pivot n, in 
' ® manner os to constitute a pair of propot^ 

tional compasses in the angle formed by thn 
gent legs at which the angular fimes of ctyiftal 
to be measured is put, caro being taken that the legs of &e coxD^paaiKa tiia , 
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faces of «the ciystal in lines perpendicular to the intersection of those faces. When 
the legs have been thus adjusted the instrument is remoYed, and the axis m being 
•brought into coinciderico withfthc corresponding point on the plane, joining the 
two ends of the semicircular protractor, and in direef parallelism with the plane 
itself, the angular value of the two sides under mea* • 

Burement may ho reAd off. This instrument, although 
simple in its ^eratioh, is obviously jncorrectsfor 
the greater number of crystals ; inasmuch as those 
which are not large and perfectly formed are ill- 
adapted for measurement^ by this plan of operation. ^ 

A far more correct instrument was devised by Dr. 

I Wollaston. Its agency depends not upon the prin- 
ciple of measurement by contact, but by taking as ^ 

radius the ray of light reflected from any crystalline fhee (Phil. Trans., 1809). The 
* ^ fallowing description of Wollaston’s goniometer is taken 

, from the new edition of Phillip’s Mineralogy, by Pro- 

^ fessor Miller and Mr. Dsooke ; 

” mm ^ graduated circle, L, the divisions of which m^ 

wB S n ^ minutes by means of a vernier, NT, is fixed 

G 3 \g\ on a hollow axle whi(^ may be turned round by the 

^ c/Z \ 9 milled liead, M. An axle, CS, passing through the 

jI ' / hollow jxle of L, and which cither turns with the 

- 1J| Ijl* circle L, or may bo turned independently by means of 

F mM Ij V/ the milled head aft S, carries a crooked arm GF. The 

IfflB 11 part FG is connected with CF by a joint which permits 

ml 1 1 it to turn round an axis perpcn^cular to CS, passing 

SBIj ^ through CS, produced, and has a collar at G in which 

j ^ U turns and i^des, with its axis perpendicular 

j to the axis of FG, and passing through the point in 
' which SO, produced, intersects the axis of FG. The 

crystal is fastened by means of a soft cement to a 
thin plate of metal fixed in a slit af K. f 

In order to meisure the angle between two fkces of a crystal, proceed as follows 
Let pq'be two foev of a crystal. Make the intersection of ptq parallel to the axis of 
the circle, and as nearly coincident with it^as possible, by means of the angular motion 
of F G, and the angular and sliding motion of H K. Placo*tho instrument upon a 
firm stand, and let A £ be two signals in a plane passing through a point K in the 
intersection of the faces p q, and perpendicular to the axis of the circle. Turn the 
circle till theemage of one of the signals A, seen by reflection in the face j?, coincides 
with B viewed directly, and read off the arc at which zero of the vernier stands. Now 
turn the circle until the imago of A,tseen by reflection at q, coincides with B, seen by 
direct vision, and read off the arc at which zero of the vernier stands. The difference 
of the two readings will measure the angje between the faces pq. If a face r belong to 
the zone of p q^ it will be parallel to the axis of the circle, and therefore in some one 
position of the circle the image of A, seen by reflection in r, will eoincide with B seen 
directly. Hence, in order to find tho faces which belong to the zone containing two 
given faces, wo must adjust the crystal as for the purpose of measuring the angle 
between those faces, and then, while the circle makes one revolution, observe the faces 
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that affSArd by reflection images of A passing through B. In order to make A B K the 
plane through the two signals, and the crystal perpen'Sicular to<he axis of the ch^le, * 
turn the utand of the instrument, or moYC A till the image of A, seen by reflection in 
the plane sui;face of the circle, or iif any bright plane surface flxgd parallel to it, coin- 
cides with a point A seen directly ; the distance of which from A, ill a line parallel to 
the axis, is equal to t^ch the distancen of the crystal &om the plane of the circle, or 
from the reflecting surface. Let a solid, haying two bright parallel surfaces, be fixed 
in the place of the orystol, and adjusted till the image of A, seen by reflection in either 
surface, descfibqs the same path while the circle revolves, apd place the lowfr signal 
B in the path Iraced out by the image of A. Having thus made the plane A B K 
perpendicular to the axis of the instrument, the intersection of the faces pqis known • 
to be parallel to tbp axis, when, on turning the milled head S, the images of A, seen 
by reflection in p are obserV^ed to pass throwgh B. The adjustment of the edge q 
is most easily made by cementing the crystal to the plate wnth one of the two fi^es 
p — for example, nearly parallel to tlfb plate, which is to be fixed in the slit at tho*end of 
II Ji, so that the intersection of^ q may be nearly perpendicular to H K, and therefore 
H K nearly perpendicular to CS. By^ turning HK round its axis, the path of the 
image of A, scon in pj may be made to pass through B ; and then, by turning F G on 
its axle at F, the path of the image of A, seen in py may be made to pass through B ; 
and then, ^^y turning F G on its axle at F, the ^ath of the image of A, seen in g, may 
1)0 made to pass through E. Should the latttr adjustment disturb the former, the 
process must be repeated. The instrument, as it is usually constructed in this country, 
is encumhcred with a spring stop, whidh allows the circle to be turned in one direction 
only, and serves to fix it, not very accurately, at 0 dr 180”. This should bo removed 
by taking out the screws which fasten it. • 

In using the instrument, it will be found most convenient to turn it in such a 
direction that the degrees increase in passing from one face to the^next. 

The distances of the two signals from the crystal should be nearly equal, and not 
less than six or eight feet. The more distant the better. The upper signal, when the 
observations are made in the day-time, may be a narrow black bar, or a horizontal slit 
in a screen placed in the upper pa’it of a window, parallel to the axis^of the circle ; and 
the lower signal, a white line on a black ground, also parallel to the axis of the circle. 

In some cases an imag^ of the sun, formed by sflens of short focal^length, or ,a small 
round hole in a screen, through which tho ]^ght of tho day is seen, may be used with 
advantage for tho upper signal. If wo make our observations at night, two narrow 
slits in screens (through one of which is seen tho flame of a candle', and through the 
other a sheet of paper illuminated by a candle placed behind it), •answer extremely well 
for tho upper and lower signals respectively. 

The best bright signal is obtained by reflecting the light of the sun from a plane 
mirror, or heliostat, through a triangular openingtin a plate of metal, which, by means 
of a slider, may brf^minished or increased according as the faces of the ciystal are 
more or less perfect. The faint signal may, be a horizontal slit in a plate of metal, 
illuminated by a shoot of white paper placed behind it, viewed by reflection in a mirror 
of black glass. The signals AB may then be nearly on a level with the eye of tho 
observer, and need not be more than six inches distant from each other. Jn making our 
observations, wo find that the image of A, seen by reflection in a face of the crystal, is 
made to coincide writh the image of B, seen by reflection in the mirrpr, which should 
make an angle of about 40° with a horizontal plane. When tho mirror is attached to ' 
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the foot of the goniometer, any nnstoa^incBS, in the support of the goniometer, Mrill 
•not ^ect the accuracy of the ob^rvations. 

It is not essential that the axis of the goniometer slmuLd be horizontal. ^ Jbnio- 
meter with a vertical ims, though perhaps not quite so convenient in use, is free from 
some sources of inaOcuracy to which a gomumetcr with a horizontal dxis is subject. 

When the ppints of^j> at which the rcflccti(^ take place, aie not equally distant 
from the axis of the eirdo, the angle through which the circle rcvojves between the 
two observations will differ slightly from the angle between tho fa^.es p q. This error 
may be diminated when the anghjs A B are nearly equidistant from thb crystal, by 
turning the instrument half round in azimuth, and repeating^ tho observation. A 
► mean of tho two results will be free from tbo ciTor arising from the eccentricity of 
the poAits at which the reflection takes place. 

•When either of the faces is large, it sliould be blackened over, except at the point 
where it is intended the rcfl 9 (jtio^ should take place. Any error that may arise from 
imperfect pentring of the circle, will bo eliminated, if the observations be repeated, so 
that observations at a given face be made with zero irf tho vernier at points of tho 
graduated circle, distant nearly 180'’ from each other. In many crystals not belonging 
to tho cubic system, Mitscherlich discovered that the angles between certain faces vary 
slightly with temperature of the cryshil; thus tho directions of the cleavages of 
calcito, which, at the ordinary temperature of the atmosphere, make angles of 75^* Ho' 
with each other, become more nearly right-angled by 8’ 5', when the temperature of 
the crystal is increased to 212'’ Fah. 

Pfactical Applications.— Hitherto tho theory of crystallization has been con- 
sidered abstracted!}' ; it now, remains, tbcrcforc, to discuss certain useful applications 
of crj'stallograpbic Icnowledgc. To the mwerahgist an acquaintance with the crystallo- 
’ graphic forms, assumed by different mineral groups, will be too obvious for comment ; 
and although, contrai^ to the doctrine of Hauy, it be not true that identity of ciystal- 
line form is infallibly indicative of identity in ckemicol constitution for all crystals not 
belonging to tho cubic system, yet a familiar acquaintance with crystallography 
imparts a large and readily available knowledge of mineral species. This kind of 
knowledge is of particular use in cales involving the ^vestigation of valuable crystalline 
mineral specimensj” which it woufd be undesiraSle to destroy by comminution, for the 
purpose of chemical* experiment. Takoy for instance, the case o#the diamond and rock 
crystal. To the uninitiated eye these substances bear a remarkable similarity. Both 
are colourless, usually ; both aro endowed with high refractih? powers ; both may be 
found in the same locality. In the rough state, rock crystal possesses the greater 
beauty ; and many percons have boenadeceivod as to the real quality of these mineral 
crystalline forms. Professor Tennant relates an instance in his lectures of a Californian 
gold^seeker. Having found, in tho prosecution of his workings, a large rock crystal, he 
was offered several hundred pounds ^r it on tho spot, which he refused, and hurried 
home, on the supposition that his treasure was a diamond. AzriveC in En gland^ he at 
length found that the crystal was not wo^ so many shillings as he had j^en offered 
pounds for it. This mistake might readily have been obviated, liad the flnder known 
that the diamond belonged to the cubic system, and rock crystal to the rhombohedral. 
Accordingly, wl^ilst the diamond crystallizes in cubes or thek derivatives, rock 
crystal affects the shape of prisms, having six sides, terminated by similarly sized 
pyramids. 

To the analytical chemist a knowledge of the forms in which diflbrent substances 
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cxystallizo is of the highest importance, as emabling him to ascertain tbo presence of 
many bodies w^hose peculiar crystallino aspect may *!iavc been previously known ; «s 
also fnequently to effect thc*separation of one body from another, even l&ougfi both 
should be susceptible of crystallfzation. The student may form an idea of the ready 
means with which certain salts may be distinguished by theii* crystalline aspect by 
dissolving in thrcif separate tubes tpf distilled water respecRvely a^ little chloride of 
sodium (comnipn salt), sulphate of magnesia (Epsom salt), nitre (nitrate of potash)* and 
Glauber’s salts (sulphate of soda), and evaporating a few di'ops of each of these solutions 
on respec1l!vc^)ioccs of glass very sloivly. . For this purpose the slip of gif ss may bo 
lield about %ix inches above the flame of a candle, or placed in some warm place to^ 
which dust cannot gain access. As the process of evaporation goes on, so will crystals 
become deposited ; and, however small, may be readily discriminated by means of a lens 
j of sufficient power. In tl^so experiment^ it will be remarked that the solution of 
common salt deposits its crystal first — a circiimstai^c of great practical importance in 
many operations, and which w^iX bo further adverted to hereafter. Appended is a 
^sketch of the appearance ropsftsentcd by this series of four : — 


' ‘ f ‘i 




Coinirion Suit. Epsom Salts. 


Nitre. 


Glauber’s Salts. 
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Thus it is evident an acquaintance with,crystaIlography may become an aid to the 
chemist. Frequently he has^to pursue an elaborate investigation for the discovery of 
minute portions of white orsenious ncid ; and here again a knowledge of the form in 
which the substance crystallizes is in the highest degree necessary. If only the 
thousandth part of a grain of arsenious acid be deposited towards the closed end of a 
small glass tube, and cautiously^ heated by mcaxfs of a spirit-lamp, the arsenious acid 
will sublime farther up in the tuhe,*in the form of*octohedral ciyfiiilB, easily recognised 
by means of a lens.* No other substance deposits similar cryatais under similar condi- 
tions ; henco the test becom(?s cxtremeljr valuable, more especially as it involves no* 
loss of the material— !a most important point in cases of mcdico-legal investigations^ 
wherein the amounts operated upon are necessarily minute, and their prcservatioxi, to 
take before a jury for demonstration, is requiaed. • 

♦ Hence it is evident that a familiar acquaintance with crystalline rfonns is of great 
importance to the chemist as a means of discrimination. Of not less importance is it 
as a means of separation, eonceming which I #hall now append some exemplifications. 
In the manufactlre of gunpowder, it is necessary that the nitre employed should be freed, 
to the greatest practicable degree, from^thc common salt with which it naturally 
occurs, inasmuch as common salt has the property of attracting water fixaa the 
atmosphere, and deliquescing; thus continually rendering substances damp with 
whi<h it may come info contact. This separation of common salt from nitre is exacted 
by fAViwg advantage of the different crystallizing powers of these two substaaioes. If 
a nitre solution be mingled with a solution of common salt, and the compound mixturo 
be evaporated, the common salt will be d^osifod first, and may be separated, leavizi^ 
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the mtro solution pure. This is the process had recourse to in practice ; and its 
e^icncy depends on the ^ircumsta'ice that nitre is more soluble in hot than in cold 
water ;*'‘whGreas common salt is equally soluble in water, het or cold. 

The iodine manufacture affords another instonepof the application of the same 
principle. When cert^iif varieties of sea- weed are incinerated, their ashbs arc found to 
contain various salts, which may be dissolved out b|y lixiviation. • On subjecting the 
f lixiviated fluid to evaporation, carbonate ot soda crystallizes and deposits first. Indeed 
kelp was formerly prepared solely on account of the carbonate of joda it yielded ; 
although fo^ a long time past this substance has been obtained much more ccoiiomically 
as a result of the decomposition of common salt. AYhen the carbonate of s^a has been 
ejitirely separated, there remains behind a solution containing various other salts, of 
which tho. iodide of sodium is the chief. On carrying the evaporative process farther, 
this too may be obtained. Iodide of sodium, or the liquer containing it, is now the 
chief source of iodine. “ ^ 

I A ' very beautiful application of the laws affecting crystallization, by which a 

crystallizablc substv^ce is separated from its 
impurities, may be recognised in the process of‘ 
sugar-refining. Metallic cones, ranged apices 
downward, each apex having a small plugged 
orifictf, arc filled with a magma of dark-coloured 
STigar^; the darkness is caused by molasses, in 
which, after the lapse of some hours, the sugar 
crystallizes, and from which the crystals have to 
bo freed. This is accomplished in the following 

Bach cone is put to stand on a corrosponding 
T ' ^ having been 

I ^ HJB previously removed.* In this way a very large 

i portion of the treacle drains off. Not all, how- 

f My ever, inasmuch as the sugar, if scooped out, would 
more or less yellow. Hence the crystals have 
^ to be washed dean ; and great ingenuity has been 
sho wji in devising an cificicnt i»cans of accomplish- 
w ing this. It is evident that water would be 

inapplicable, since this liquid would dissol\% the sugar. AlcJlol might answer the 
purpose tolerably well, if it were sufficiently cheap to be employed. Indeed alcohol is 
so employed for this purQpse in the Ba^t Indies. A still more efficient and far more 
elegant plan, is generally adopted in British and most Buropean refineries. Instead of 
using alcohol, which at the utmost can only dissolve out the treacle and leave vacuities 
in its place, an already saturated and colourless solution of sugar is employed, which, 
gradually forcing its way from base to apex of the cone, and penetra4Rng between the 
loosely impacted crystals, not only forces the molasses away, but adds a fresh coating 
of sugar to the crystalline nuclei already existing. 

Inasmuch as the formation of a crystal depends on the most perfect agency of 
cohesive force, in deference to tho operation of which partides of matter are imp^ed 
into lines and planes referable to determinate axes of energy, it necessarily follows 
that the most perfect conditions for effecting crystallization are those which secure 
te perfect freedom of motion amongst themselves of the particles to be aggregated ; and 
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although certain solids may, as we have seen, change from the amor^ous»to the 
crystalline state without passing from* the solid state, yet these furnish only so many 
exceptions to the general law.^ Accordingly the three grand preliminary conditions, too 
the ultimate formation of crystals, are (o), solution ; (d), fusion ; (<?), rapoiization.^ Of 
these three conditions examples of the first and the third hayc a^eody come under our 
notice indirectly, au([ the second has been adverted to. 

More detailed observations conceiving all these wiU now b^ given. , 

The process fif solution accomplishes the separation of aggregated particles by the ' 
interposition of the solvent between them, in such a 
that the particles are removed bpyond the spherf of each 
other’s cohesive atti-action, — a condition 
which is represented conventionally 
by^thc appended diagram. The central 
dots are assumed to represent the parti- 
cles themselves; the circlce sigrounding 
thcij to define the extent of the force of 
cohesive atti'action for each particle ; and 
the horizontal parallel lines to rcpreseid: the fluid of solution. Under these theoretical 
circumstances it will be manifest that the particles cannot aggregate until so much of 
the solvent shall have been removed as shall bring the particles within each other’s 
sphere of attraction ; when, in accordance w'lth the postulate laid down, the particles ^ ' 
should cohere. * 

In most cases the power of solution, manifested by a liquid, does not depend upon ; 
the quantity employed alone, but also upon the degree of heat to which it may have been i 
raised ; whence it follows that, as a general ruld*, bodies are more soluble in a given : 
liquid hot, than when the same liquid is cold. In such instances crystallization 
always takes place most readily as the solvent is cooling ; and certain substances, ot* 
strong crystalline character, tire, nevertheless, totally iucapal^e of crystallizing in a 
temperature at which the solvent boils under the ordinary pressure of the atmosphere. 
This is the case with sugar. It is highly crystallizable in its nature ; but if dissolved 
in water, and the water dissipated by cvaporatioi^ at the boiling temperature, it obsti- I 
natoly refuses to crystallize, IiJ however, a current of cold air bg continuously blown 
through a boiling sojption of sugar, so as to lower the temperature of the mass to about 
ISO^ F., then crystafiization readily takes plaice. This principle Has been taken advan- 
tage of in the manufewture of sugar ; bu^ its efficiency is less by far than that of the * 
vacuum-pan, — an instrument which will be hereafter described. 

The problem of removing a liquid, by means of evaporation, from a crystallizable 
body held in solution (in order that the latter may crystaUfre, without, at the same 
time, employing a temperature detrimental to the crystallizable material), is one that 
has frequently to be solved in chemical practice, and its successful accomplishment is 
based upon the fj^o^ving considerations. Th(f tendency of a liquid to evaporate is due 
partly to the recognizable repulsive effects of heat, and partly to the natural repulsion 
(which may be due to heat also) existing •between the particles of fluids themselves. - 
The agency repressive to evaporation is atmospheric pressure. Hence, to the extent 
that we remove atmospheric pressure from a liquid, to the same extent do we tend to 
promote its evaporation. Many volatile liquids, such as ether, chloroform, &c., actu- 
ally boil when atmospheric pressure is removed from them ; so prone are they to evapo- 
rate ; and, although water does not boil under these circumstances, yet its evaporatiye 
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teadenc^t^is so" much increased that it will boil on the application of a very low degree 
of heat These facts, mom fully advex^ed to in the chapter on yapozization, suggests 
i |he basis of effecting the orystaHizatian of solutions, thc^crystallizable substai^ce con- 
tain^ in which would be damaged by exposure to an increase of heat. The solutions 
are placed aside in yacjio, and a material being placed near them capable of absorbing 
the vapour as it riles, a continued vacuum, or rather on approgch to a vacuum, is 
maintained. Gcpierolly^spealdng, the vapour thds required to be absorbed is that of 
water; hence some hygroscopic material is the proper absorbent^ substance. Sul- 
phuric acid is most commonly employed for this purpose ; and the methodcdf using it 
will be fu^ly described undpr the head of Evaporation. 

The process of fusion accomplishes the separation of aggregated particles, not in 
t consequence of the interposition of a solvent, but in consequence of the repulsive | 
effects of heat, which indeed we arc almost warrantqd in calling the universal 
solvent, inasmuch as we are not aware of &ny one substance which cannot be liquefied 
or fconverted into vapour by t^e a|Lplication of a sufficient amoimt of heat. Although 
the seeming effect of fusion is the generation of amorphous masses, this is more specious 
than real. Most substances, the products of fusion and cooling, although apparentl]^ 
amorphous, yet develop a .crystalline texture mere or less perfect when subjected to 
the corroding, car dissecting agency of a proper solvent, just as alum was found to un- 
ravel a airnilnr tcxtuTO when cxposcd to the solvent agency of water. In certain cases, 

*■* not only may these crystals be dissected out from the effid mass in which lllcy have 
become enveloped, but they may be obtaitfed at a previous stage ; for the cooling mass 
does not cohere homogeneously, but the first solid portions ore crystals surrounded by 
the yet liquid material, which latter may bo dexterously poured away, leaving the 
crystals perfect. Bismuth hud sulpliur arc very susceptible of being thus operated 
upon, and their o'ystaUine texture demonstrated. If either of these be melted in an 
i!^ ladle, and the melted mass set aside until a crust forms on the surface, and this 
crust be perforated witji two holes— one to admit of the air entering, the other to 
admit the issue of the yet unsolidified material when the ladle is inverted— there will 
bo obtained, in either case, a hollow segment of a sphere crusted over in all directions, 
but containing variously ramified cry^ls within. If Bfiw the flat suriace of the crust 
be chiselled off, the underlying crystalline form%wili be laid bare. This means of 
obtaining crystals, iSthough beautifully illustrative of a principle, is^ nevertheless, 
but seldom taken adiifmtage of in practice. 

* The process of vaporization will bo recognised, on refiec 6 iojL, to furmah the 
same preliminary conditions to crystaUizatiion as that of solution, and that of fusion ; 
fhtd . is to say, the freeing of particles frmn the restraint of motion amongst them- 
selves, which the force coherion opposes. Camphor, for example, is prone to 
as«une the cryatUline state ; but, if aggregated too rapidly, it takes on the amorphoua 
appearance. If^ however, one of these amorphous pieces of camphor be very gradually 
vaporized or sublimed, the volatile paitilles condense in regulaily crjptallized forms. 
This phenomenon my frequently be seen to have resulted from the exposure of drog- 
gistfl* camphor show-botfles in a sunny window. Camphor will,' after a time, sublime 
in crystalline spangles. . In this instance^ niOTeover, the (srystais will be seen to have 
cdUected in that part of the bottle nearest the 

The subrianoe, iodine, offers another familiar example of a body whose vapeur 
aggnmoa flift wryafcsllinB conditiaa. If 60016 powdsTed todbie bo put ioto a glass 
; and gently heated, flrri cedowced vapours, chameterMitic of iodine, will be 
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secn«to ascend. Soon those vaporous particles will aggregate in the ^per f>art of the ^ 
flask, and, eventually, woll-fonned crystals iodine will be evident. 

A^atever be the methc^ resorted to for the dcvelopmei]!(: of crystals, whether d)y 
evaporation (sub^mation) of the solid to be crystallized— whether by slow cooling, or by 
Gvaporati&n of 4hc liquid in which tho substance to be cryst^zod has been dissolved, 
one grand principle lyis to be borne in mind. Tho operation nfhst be so slowly con- 
ducted, that the particles to bo cryltallized may have the freest powey to move amongst 
themsdves slow^ and tranquilly ; otherwise perfection in the resulting crystals cannot a 
be attaiuKd, and a solid, more or less amorphous, will result. In a gi-eat majority of 
instances, ^fb means of eifccting crystallization resorted ,to by the chemist is that of 
evaporation of the solvent. I shall therefore subjoin a few practical remarks, having 
special reference to that operation. On this head, no invariable rule of procedure crgi 
bo given, inasmuch as tl^ exact stops of the evaporative operation vary with the 
nature of tho salt to be obtained. If a saft be equally soluble jp cold and in hot^vater, . 
as is the case with common s|ilt (chloride of stMliinn), then perfect crystals alky be 
obtained, oven during the ^gccss of boiling ; which is to bo regarded as manifesting 
* the highest exercise of evaporative energy. If, however, as is more frequently the 
case, the salt is more soluble in hot than in cold water, then the best general rule that can 
bo given is, to carry on the evaporative process slowly, until a pellicle forms on the sur- 
face of tho liquor ; then to put the solution aside in a cool place, allowing it to remain 
pcrfcolly at rest. Occasionally rods of glass or wood, filaments of string, &c., are pift 
into a solution from which crystals are abdut to be deposited, with tho object of thus 
affording nuclei on which the first crystalline particles may aggregate. This, however, 
is rather a practice followed in certain chemical manufactures on the largest scale, than 
in the chemical laboratory. Another good plan* when weired results arc not required, 
consists in dropping into the solution, which is about to deposit its crystal, a few 
crystals of the same kind already formed. Under the head of individual crystallbie 
bodies, will be appended dll suc^ further remarks as may^be necessary for effecting 
their crystallization. 


OF CHEMKJAL AFFINITY, AND, THE GENERAL PHENOMENA OP 
CHEMICAL ACTION. 

• 

Chemical affinity, like cohesive attraction, is effective only at insensible dis- 
tances ; but it is distinguished from the latter force, in being eaetted between particles 
or atoms of different Jeinds, The result of itJI action is not il mere aggregate, having the 
same properties as the separate parts, and differing only by its gre&lter quantity, but a 
new compound, in which the properties of tho components have entirely or pai’tly dis- 
appeared, an^ in which new qualities arS apparent. The combinations effected by 
chemical affinity are permanent, and are destroyed only by the interference of a more 
powerful force, either of the same or of a different kind. 

Aa a general cxempHflcatioii of ohemioal .action, we may examine that which takes 
place between potassa and sulphuric acid. In their separate state, eiudi of these bodies 
is distingoiahed by striking peculiaritieB of taste, by great causticity, imd by other 
qualities. The alkali, on being added to blue vegetable iafutaons, chaaagea their colour 
to green, and tho acid turns them red. But if we add one substance ty the other, very 
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^cautiously^ and in small quantities, examining the effect of each addition, a point *7rill 
^bo attained at which the liquid possesses nSither acid nor alkaline qualities ; it may 
nou- bc^safoly applied to the tongue— the taste is] a bitter ox^ — and the mixture 
produce no effect on blue yegetable colours. Hero, then^ the qualities of the constituent 
parts, or at least some of -their most important ones, are destroyed by" combination. 
When characteristic piSpc^es thus disappear, the bodies .combined are said to saturate 
each other ; and th$ precise term at which this takes place ^has been called the point 
^of saturation. It is adyisable, however, to restrict this expression to w:oaker combina- 
tions, where there is no remarkable alteration of qualities, as in cases of solutiftn ; and 
to apply to iSie results of more energetic affinities, when attended with loss of proper- 
ties, the term neutralization. 

• At the same time that the propertied of bodies disappear on eombination, other new 
qualities, both sensible and chemical, are acquired ; and the affinities of the compo- 
nents ior these substances become in some cases increased, in others diminished in 
energy.^^ Sulphur, for example, ''‘s destitute of taste, .smell, and action on vegetable 
colours; and oxygen gas is, in other respects, equally ineffipient. But one of the com- 
pounds of sulphur and oxygen is intensely acid ; the minutest particle instantly reddens 
blue vegetable infusions ; and the acid is disposed to enter into energetic combination 
with a variety of bodies, for which its components evinced no affinity. Facts of this 
kind suffieiently refute the opinion of the older chemists, that the properties of com- 
pounds ore intmnediaU between those of their component parts ; for, in instances like 
the foregoing, the compound has qualities, &t a vestige of which can be traced to 
either of its elements. 

It is not, however, in all cases that the change of properties is so distinct and appre- 
ciable by the senses, as in the instances just described. In some examples of chemical 
union, the change ic scarcely perceptible to the eye or the taste, when the chemist is 
nevertheless certain that combination must have taken place. This occurs chiefly in 
the mixture of saline sojutions with each other, where a complete exchange of prin- 
ciples often ensues, without any evident change of properties. Examples of this kind 
cannot, however, be understood, till the subject of comiflex affinity has been first 
elucidated. « ^ 

The existence of ch^cal affinity between any two bodies is inferred, therefore, 
from their entering into chemical combination ; and that this has happened, a change 
of properties may be conliderod as a sufficient proof, even though the change may not bo 
very obvio'is, and may require accurate examination to be pcrccivefi^ at all. 

The proof, which establishes tho nature of chemical compoimds, is of two kinds, 
synthesis and analysis. Synthesis consists in effecting the chemical union of two or 
more bodies ; and analysis in detaching them from each other, and exhibiting them in 
a separate state, ifiat it is seldom that we can separate two bodies from each other 
without employing a third, and thus forming some fl:esh compound. When this 
new compound is one of known composifion, the evidence of analysisos still equally 
complete. When we have a compound of two or more ingredients, which are them- 
selves compounded also, the separation of the (ft>mpounds from each other may be called 
1 the proximate anaiytis of the body ; and the further separation of these compounds into 
their most simple principles, its ultimaie analysis. Thus the proximate analysis of 
sulphate of potassa consists in resolving it into potassa and sulphuric acid; audits 
ultimate andysis is effected by decomposing the potassa into potassium and oxygen, 
and the sulphuric acid into oxygen and sulphur. 
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4 When the analysis of any substance has been earned as &r as possibly we arrive 
at ita most simple principles, or elements, Qy the expression element we are to under- 
stand, not a body that is incapable of further decomposition, l^ut one which has not ^et 
been (decomposed. The progress of chemical science, for several centuries ps^t, has 
mainly consisted in carrying stlU farther the analysis of bodies, and in proving those 
to be compounded which had before been considered as elemedtairy* 

At present chemists are acquainj^d with sixty-two or sixtysthree* elementary bodies, 
the names of |rhich, as well as their symbolical contractions, are apffended 


Aluminium . .• . 

Al. 

Antimony^ , . . 

St. (Stibium). 

Arsenic . » . . *. 

As. 

Barium .... 

Ba. 

Bismuth . . . 

Bi. 

Boron 

B.' 

Bromine 

Br. 

Cadmium . . . 

Cd. 

Calcium .... 

Ca/* 

Carbon .... 

C. 

Cerium .... 

Ce. 

Chlorine .... 

Cl. 

ChronvJ .... 

Cr. 

Cobalt 

Co, 

Copper .... 

Cu. 

Didymium . . . 

D. 

Bonorium . . . 

Do. 

Erbium .... 

E. 

Fluorine .... 

F. 

Glucinium . . . 

G.. 

Gold 

Au. (Aurhm). 

Hydrogen . . . 

H. 

Iodine .... 

1. 

Iridium .... 

Ir. 

Iron 

Fe. 

Lanthauium . . *, 

La. 

Load 

Pb. 

Lithium .... 

L. 

Magnesium . . . 

Mg. 

Manganese . . . 

Mn. 

Mercury .... 

Ilg. 

Molybdenum . . 

, MO. 


Nickel .... 

Ni. 

Niobium .... 

Nb. 

Nitrogen .... 

N. 

Norium .... 

Nr. 

Osmium .... 

Os. 

• Oxygen .... 

0. 

PaUadijim ^ . . . 

Pd. 

Pelopium . . . •. 

PI. 

Phosphorus . . . 

P. 

Platinum .... 

Pt. 

Potash 

K. (Kalium). 

Ehodium .... 

R. 

**Buthenium . . . 

Et. 

Scheelium . . . 

W. (Wolfram). 

Selenium .... 

Se. 

Silicon .... 

Si. 

Sil>er 


Sodium .... 

,Na. (Natrium'^. 

Strontium . . . 

Sr. 

Sulphur . . . . 

S. 

Tantalum . . * . 

Ta. 

Tellurium . . . 

Te. 

Terbium .... 

Tr. 

Thori^ .... 

Th. 

Tin * 

Sn. (Stannum). 

^Titanium ...» 

Ti. 

Uranium .... 

U. 

Yanadium . . . 

Va. = 

. Yttrium .... 

Y. 

Einc , , , K , 

Zn. 

Zircoxiium . . . 

At, 


Beside thc^ alteration of properties, which usually accompanies chemical action, 
there are certain other phenomena, which are generally observed to attend it. 

1st. In almost every instance of chemical union, the spedfle gravity of the compound 
is greater than might have been inferred fh>m that of its components ; and this is true 
both of weaker and more energetic combinations. When equal weights of water and 
sulphuric acid are made to combine, the specific gravity of the resulting liquid is not 
• The existence of Donarium, as s separate element, is donbtfhl. 
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the meaxii, but ooiuideralily greater than the meazi; this law extonlB alse to soUds. 
But, though general, it is not imiTersiil ; for in ayery fewinstanoeB, ohiefiy of aeitfonu 
oondensatioii does^not attend chemical union ; in the combination of some metals 
with fiach other, eyen the reycrse takes place ; the compound being, in a fe^iMases, 
specifically lighter than might haye been expected, ifrom the specific grayity of its 
elements, and their pig»pK>rtLon to each other. * 

2ndly. When bodies ojmbine chemically, it msf be receiyed«8 % general fisict, that 
^ their ’'changes. Equal weights of oil of vitriol and wate^. both at the 

temperature of 50° of Fah. arc heated, by sudden mixture, to considefably above 212°. 
In other e^yunples a contrary efiect takes place, and a diminished temperathre, or, in 
other words, a production ofcold, is observed. This is all that it is a/; presept necessary 
to state on the subject, which will be more fully considered when we come to treat of 
caloric. . 

3i;^y. The forms of bodies arc often mi^rially changed by chemical combination. 

* The solids may, by thefr union, become flui4; or two fluids may become solid. Solids are 
also ofien^ebanged into aezifoni fluids; and, in man}»> instances, the union of two airs, 
or gases, is attended with their sudden conversion inti^ the solid state. By long 
exposure of fluid quicksilver to a moderate heat, wo change it into a reddish scaly solid ; 
and, by heating this solid in a retort, wc obtain aif aeriform fluid, or gas, in considerable 
quantity, and recover the quicksilver in its original form. 

r 4thly. Change of colom* is a frequent, (but not universal, concomitant of chemical 
action. In some cases brilliant colours arq destroyed, as when chlorine is made to act 
on solution of indigo. In other instances two substances, which arc ncaidy colourless, 
form, by their union, a compound distinguished by beauty of colour, as when liquid 
potassa is added to very dilute syrup o{ violets. Certain colours appear also to belong 
essentially to chemical compounds, and to be characteristic of them. Thus 100 parts 
I ofo quicksilver, ani 4 of oxygen, invariably give a bla(5k compound ; and the same 
quantity, with 8 parts of oxygen, afford as invariably a red compound. 

Proportions in wldch Bodies Combine .-^’Certain leading points of distinc- 
tion existing between the three forces, gravitation, cohesion, and chemical affinity, 
have been already pointed out. There is another especially characteristic of affinity, 
and which has been purposely deferred •ontil this opportiViity— namely^ the proportions 
in which bodies oombiie. * ® 

On reconsidering th^ conditions under which gravitation and cohesion are exercised, ; 
k will be evident that the operation takes place between any portions of ponderable 
matter without Umit. Thus in the case of gravitation, all matter, ^f whatever weight 
(t. of whatever number of pondeiablo particles), is attracted towards the nearest 
centre of preponderating cavitation— tl^t is to say, for all cases of terrestrial 
observation towards the centre of the earth. 

Again, referring to the circumstances under which the attraction of cohesion 
exercises itsdi^ we shall find that any c^ceivable amount of simBar particles may 
unite to any other conceivable amount, and constitute a mass. • 

As reigards the exercise of affinity, or chemical attraction, it is otherwise ; not only 
must the particles which it is desired to associate be of the proper kind, but they must 
bear to each other a particular ratio, or else combination does not take place. As a i 
simple illustration of this proposition, the composition of water may be cited. This 
liquid may be decomposed by various means, to be described hereafter. The moat 
convenient process, however, is by m^ans of voltaic electricity. If any quantity of 
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-wat«r be takea and decomposed mto its tm> coastitaent fases, m cyg g a Imd 

the fofmer will be to the latter in the nctaobby wffht of eiffht to oase/ tiad in the 

ratio by measure of one to two. 

Sa(dL is the composition of water, as made known to us by analysis, and of which 
synthesis affords a confirmation.* If two measures of hydrogen be mixed with one 
measure of* oxyglfcn, and ignited by means of the electric spark, the result is water. 

The comhinatioif, it will be rcmai-ked, has^taken place in t&e exact ratio. 

Hydrogen 
Oxygen . 

Hydrogen 
Oxygen . 


g I By weight. 


If, for the sake of experiment, nine parts by weight of oxygen were mingled with* 
one part by weijjht ot hydrggen, then the ninth, or additional part, would not opter 
into combination, but would remain behind in tlie gaseous form. If one and a half 
parts of hydrogen were mixed wdtji eight of oxygen^ aiA inflamed, then the a^dilional 
half would not combine, indged, no combination, except that of water, can be formed 
•by the direct mixture and exj^osion of oxygen and hydrogen gases; and the composition 
of Turater is fii^d and invariable. Byfiiaving recourse to an indirect method, a second 
compound of hydrogen and oxygen may be developed — ^viz., the peroxide of hydrogen ; 
and its composition is found to be one pai^; by weight of hydrogen combined with * 
sixteen ^rts by weight of oxygen. Between these two there is no intermediate 
composition. 

;; ; The study of the ratios in which oxygen and hydrogen combine, furnishes an instance 
of definite proportionality, in which respect the ^attraction of affinity is seen to differ 
from that of gravitation, and of cohesion. Definite proportionality may be said to be the 
great characteristic of chemical combinations. Seeming exceptions to this generals 
zation will he presently cited; but they are probably not real exceptions. An extremely 
probable hypothesis, if acncpfbd, wi^ refer them at once to theVategory of definite pro- 
portional compounds ; and if the hypothesis be not received, still the anomalous cases 
will be found to correspond with the least energetic operation of chemical affinity, those 
so ill characterized that they probably should be» referred to the operation of anotheri 
cause. Of this kind are the mixturts, or combinatfons, of water With oil of vitriol— of/ 
alcohol with water-pof ether with alcohol— various oils with ^ch other, &c. In all 
these cases the bodies seem to unite in all proportions ; and therefore to constitute* 
an exception to the difinite proportionaliAn already treated of. However, it is easy to 
conceive these seemingly exceptional cases of apparent combmatio]| in all proportions 
to result from the intimate mechanical mix{u|;e of a limited puraber of ehemical com- 
pounds. This hypothesis is well iUustznted by a consideration of fiinr^markable com- 
pounds of sulphuric acid and water. The ordinary oil of vitriol, of E]^li8h commerce, 
is a definite ccfmpound of forty ports by weigh| of real ot dry sulfuric acid, and nine 
parts by wei^t #f water ; and so well combmed are the two, soetable is the compound, 
that, if sufficient heat be applied, the whdLe evaporates, and may be condensed un- ; 
changed as oil of vitried or common sulphnrao asifl. There exist, hdwev^, three*Olto ! 
definite oompounds of water and sidpbaixie add,* the most remarkable of whh&IiaB 
the ratio of eijg^ty parts by weighti of add to xnne of water, and exists m the 
Hordhansen yaxiety o£ Msiphtune tuavL If tias variaty be gsadusfiy heatel^ Ifoee dry 
sulpbuzic acid is evolved, and common oil of vitrei remains bddwfti 
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Thefje yaridus combinatioxiB of sulphunc acid with water have been studied by 
Graham, who arranges them as folh}ws : — <' 

Paxts by weight. 

« Water. ^cid. 


Hydrate existing in the Gorman or Nordhausen acid • ^ + 2 

Oil of yitriol ^ ^ . . 1 ‘ 4* 1 

Acid of £^. gr. 1'7($0 . .. . • ^ • .r*'2 1 

Acid of Bjf. gr. 1*682 . 3^+ 1 


It is eyident, from this consideration, that tho hydrates of sulphuric acid furnish 
wdl-inarl:ed instances of definite propo^onality. It is not dif^cult to^conceiyo that 
these yarious hydrates, by mingling indefinitely with each other and with water, may 
furnish^ an apparently indefinite aqueous combination. A similar explanation may be 
apj^ed to the yarious possible compounds or mixtures of alcohol cuad water, and all 
other combinations of the same nature ; such as that of acids with water, acids with 
eachiothex^, &o. In a praotidal s^nse, these compoimds aro of great utility, although 
theoretically considered, they do not present much inten^st. 

The next form of apparent combination to be discussed is that in which bodies 
unite in all proportions up to a certain point.* Thus a hundred parS of water are 
capable of dissolying any quantity of common salt not exceeding fbrty parts. At this 
point the capacity for solution terminate^, apparently because the cohesiye force of the 
salt crystals now balances the dissolying force of tlie fiuid. Were the coheliye force 
not in operation, it is probable that solution would go on in all proportions ; under 
which circumstances examples of this kind would be referred to the former category. 

In all cases, inyolying the appi^ently indefinite union of bodies with each other, 
the circumstance will be remarked, that the resulting compound will be a substance 
fpossessing qualities in which the original qualities of the bodies entering into com-, 
bination may be traced, and from which the components may be separated unchanged. 
Thus a mixture of alcohol and water possesses juat those properties which arc a mean 
between the eyident properties of alcohed and of water. By one of seyeral processes, 
the two may be demonstrated to exist in union ; may be separated each unchanged, 
each in its original proportion. The<«ame remark apples to tho indefinite, or seemingly 
indefinite, compounds of alcohol ’^ith others of Salt and water within the limits pre- 
scribed, and gencralljr to all parallel cas^. When definite propontionaliBm comes into 
• operation, a marked concomitant is obseryablo. The compounds then resulting are 
characterized by acquiring properties differeht from either of thclr constituents. 

For examples of this first, we might turn at random to any part of chemistry, so 
fertile is it in phenomen| of this kind. ^ The position may, howeyer, be conyeniently 
illustrated by t^e following oases : — ^The crystallized salt, sulphate of magnesia (Epsom 
salt), is a compound of sulphuric add, water, and magnesia ; yet the original properties 
of all these substances are so yeiled^ as to be unrecognizable in the compound. 
Gypsum, or sul]^te of lime, is a compouUd of lime, sulphuric acid^Muid water. It is 
a substance in which neither the properties of lime nor sulphuric add, though both 
are well marked, nor of water, though also^ Well indiyidualized, can be distinguished. 
Wheneyer definite proportionalism comes into operation, these metamorphoses of 
original quditiea are efiSseted; without it, neyer. Hence such combinatiems must be 
considered as marking the exerdae of powtufiil chemical afiinity, and datenniiiing its 
Ip^onB to tim other 
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!^rom tho observations which precede, it will appear that the operations of chemical 
affinity may be dassified into tho following ciSUgorieB^:— 

1. Bodies which unite, or^appear to unite, in all proportion!. 

2. ifodics which unite, or appom* to unite, in all proportions within certain inva> 
liable limits. • 

3. Bodies which finite in definite proportions only. 

Although it be impossible to offef a precise definition, which shalbbe competent to 
point out the efact line of demarcation between mechanical admixture and chemical 
combination, yet probably it might be justifiable to limit the terms chemical eombimtion 
and the operation of chemical attractim^ to those cases in which the product of com- 
bination is not a mere result out of the qualities possessed by each component, but 
where the original qualities have cntiTely merged. * 

Understanding the definition in this sense, then, without any reservation it might 
be asserted that bodies unite chemically, in^troportions fixed and invariable ; that Jhc 
progression of the series being s^died, a regular ^rddi^ of numerical progres&vn is 
manifested, in which the highest numeral term bears some simple relation to the 
lifwest. 

Definite Propoxtionality. — ^Under all circumstances, whether the definition of 
affinity be restricted as above suggested, or extended in such a manner as to compre- 
hend the various seemingly indefinite combinations, definite proportionality is a con- , 
comitantt)f every well-marked case of the exercise of affinity; of the operation of 
which force it is to be regarded as tho strongest indication, of its character the most 
prominent type. It is to a consideration of these definite compounds of substances 
alone that tho remaining portions of this section wiU be devoted. 

For the purpose of deriving some knowleigo of tho ratios in which simple 
bodies unite, we may with convenience regard the proportional elements of water af^ 
the basis of future remark and comparison. Water, as has been shown, consists of 
one volume of hydrogen and* half p, volume of oxygen, united together and con- | 
densed ; by weight, eight parts of oxygen combined with one part of hydrogen. By I 
substituting chlorine, iodine, and bromine for the oxygen, we get tho following | 


^artAbj 
weight. 
Os + Hi 


Parts 

measure. 


Weight of 
compound. 


mesBure. I — « — ■ compo 

0, + H, or Lg-I 1 I = 9. 


Hydrochloric acid 


Clae +■ Hj ^Clo -4- Ha or 


Ilydriodic acid . 1,25 + H, la + Hj or 


l^klJ = 


Hydrohromic acid . Brgo + Hj Bts + H3 or I so I 1 I = 81 


From tho inspection of this table it wiU 'appear* that the pondersble quantity Of 
chlorine necessary to take the place of one part by weight of hydrogen is equal, to 

* In this and sueoeeding diagrams firaotlonal numbers will, for the sake of simpBelty, bo 
avoided in the numbers indioat|se of equivalent or atomio weights ; the nearest whole number to , 
tho accepted atomio weight being chosen. 
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I 36 ; , of brbmine, 80 ; and of iodine, 125. Hence tbe propdety of the tonne equivalent, 
and equivalent number; for if. 8 parts by*weight of oxygen can take the place* of 35 
pkrts^f chlorine, 80 paFts of bromine, and 125 parts of iodine,. then with great pro- 
priety may it bo said that eight is the equivalent number' for oxygen, or the fiumber 
of its combining propqjrtion. The same number is^so said to be*thc atmie number 
for oxygen, 36 the atomic number for chlorine, &c., for reasons which will presently be 
made apparent. « 

' ■ The numeral proportionality wliich has been seen to hold good«for the binary' 

oombinations of hydrogen with oxygen, chlorine, iodine, and bromine^ arc found to hold 
good for s&l other elements ; and inasmuch as compounds arc the suiivof their com- 
bined elements, so the equivalent number of a compound is the stdn of the equivalent 
^numbers of the elements entering into it. Thus we have seen the equivalent weight 
of hydrdgen to be represented by 1, of oxygen by 8 ; therefore the oquivolont weight 
of neater must be cqu|l to 8 + 1, or 9. lEancc the equivalent number of simple bodies 
being remembered, and their proportions entering into any particular compound, it is 
easy to itscertain, by a simple operation of addition, what is the equivalent number 
belonging to the compound. 

Ziaw of Definite Combination.— Itis ijupossiblc to ovcirate the importance of 
this law of definite combination. To the theoretical chemist it affords an insight into 
tho 'probable atomic con.stitution of matter, enabling him to advance on grounds of 
probability and rational arguments, in*a matter concerning which philoE^phcrs of 
antecedent ages have boon guided by metaphysical speculations on the one side, and 
atiained mathematical analogies on the other. To the practical (dicmist it affords 
a means, no less easy in application than unerring in its results, of learning tho ncccs- 
s^ quantities of substances to bo uSed in his processes, and anticipating the quality 
and the quantity of his results. 

, As an example of the advantages conferred by an acquaintance with the laws of 
definite chemical prop(|:tionalism, 1 will cite one simple case, although in conducting 
the description it will be necessary to assume* the knowledge of certain facts not 
yet treated ofi concerning which tho reader may probably be unacquainted. 

It is a quality of sulphuric acid, in whatever soluble form existing, whether simple 
or in combination, to combine with the earth baryta, <!nd to bo precipitated in the form 
of flulphate of baryta— a most insoluble compound. 

First, let the simj>le'case be assumed \hat a certain liquid — ptJhaps water— contains 
a certain but small amount of sulphuric a^id, which amount jt is desired, by way of 
analysis, to separate. To evaporate away tho water and leave the sulphuric acid, in 
the condition of one part acid to one of water (oil of vitriol of commerce), if possible 
at all, would at any rat# be cxceedingl;f difficult, and would involve the necessity of an 
amount of delicacy in manipulation far too great for ordinary prac.ticc. Having con- 
fidence, however, in the law of chemical proportionality, and being aware that the 
combination of sulphuric acid with blryta is an insoluble body, the operator would 
proceed to throw in some of a solution containing baryta— nitrate of baryta for 
example— and he would continue the operation so long as any precipitate made its 
appearance ; he would then dry his precipitate, weigh it, and referring to some list of 
ohemical equivalents, for the purpose of ascertaining the proportional combination of 
sulphuric acid with baryta, would find that every 116 parts of sulphate, of baryta 
.contained forty parts of Bulphuric acid. On this principle of indirect demonstration are 
Jhjr far the greater number of analytical points determined. 
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Extending the sphere of our ohserratioxiitlct it be assumed that a stanufiibiiiier) 
having a given weight of nitrate of bar 3 rta in solutioA, desiresAo form nitrate of gotaih 
and su^hate of baryta, by the addition of sulphate of potash, a decomposition irdiich 
may be thus represented by meane of a diagram. 


SulphalKj of 

•potash ’ Sulphuiic I 
• acid 5 

( Kitric ) 

Nitrate of ) acid ) 
baryta | 

^ Barvta 



'Nitrate of potash. 


Sulphate of baryta y. 


In this diagram the qualitative decomposition is#rcpje3onted,*no cognizance being 
taken of quantities. The diagram is so arranged that the nitrate of potash, rKmaming 
in solution, appears in the upfibr part, whilst sulphate of baryta, being insoluble, pre- 
cipitates, as very conveniently indicated by a triangle, with its apex downwards. ’ 

The measure of information given by this diagram is cxtrcm(dy slight, compared 
with what it would have been had the proportional quantities of substances entering 
into decomposition been indicated. The diagram shall, therefore, he reconstructed, s<» 
as to emtody the following facts ; — 

The equivalent or combining number of sul])}uiric acid . . 40 

„ „ ofJ[)aryta . . .77 

,, „ „ of nitric? acid . . ^ . 54 

„ „ of potash . . . 48 

Sulphate of baryta is composed of 1 equivalent baryta -j- 1 equi- 
valent of sulphuTic acid ; its equivalent number ^s, tbcrc- 

foro 117 ■ 

Nitrate of potash is composed of 1 equivalent of nitric acid 
4- 1 equivalent of potash ; thcrefof c its equivalent num- 
ber is . * . • . . 102 


Ecducing this fact to a diagrammatic form, vc have — 

1 Sulphate ofj = 48 . p 

potash = 88 1 1 Sulphuric • 

' acid = 40 
' 1 Nitric acid^ 

^ Nitrate of = • N. 

baryta = 1^31 ' ^ \ j 

^ =77 * bi 


1 Nitrate of 
potash J= 102 


1 Sulphate of 

baryta v= 117 


Thus it would appear that, supposing 131 parts of nitrate of baryta to be in 
solution, eigbty-cight parts of sulphate of potash would be required for its complete 
decomposition. The result would bo 117 parts of sulphate of baryta/ and 102 parts 
of nitrate of potash. It need scarcely be indicated that the ratio of eomhinatioh j 
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being once known, the quantity of nitra^ of potash and sulphate of baryta any 
possible quantities of Bu]phate of cpotash and nitrate of baryta may be ascertained by 
a simj^le rule of proportion. * t ^ 

An examination of the preceding diagram will .afford a ready explanation to a 
circumstance first noticed by the Saxon chemist, Wenzel— that when two ni^utral salts 
decompose each other, thj results are also neutr^, because if Jbodics combine in the 
ratio of their equivalents, it is evident' that the mutually exchanging bodies, being 
mutual equivalents, possess a mutual satisfying power. This expres^on of an isolated 
£sct would, if extended to other facts of parallel character, and reasoned «pon, have 
led to a knowledge of the universality of definite proportionalism. , 

, There arc many examples in which bodies unite in one proportion only ; and in all 
such cases the proportion of the elements of a compound must be uniform for the 
spedds. Thus, hydrogen and chlorine unite in no other proportions \han those con- 
stituting hydrochloric acid, which, by weight, arc one of the former to thirty-five 
of the latter. Whatever of either ingredient is in excess remains uncombined 
after the experiment. In cases of this sort, combination is generally energetic, 
and the characteristic qualities of the components arc no longer observable in thi^ 
compound. 

Other bodies unite in several proportions ; but these proportions arc definite, and, 
^ in the intermediate ones, no combination ensues. Thus six parts by weight of carbon 
combine with eight of oxygen, or with (t^cen, but with no intermediate (fuantity ; 
sixty-four parts of copper combine with eight of oxygen, or with sixteen, and witli 
tihoie proportions only. This law of combination in definite proportione, though dcduciblc 
from the previous experiments of Wenzel, seems to have been first discovered and 
established by a ijeries of researches undertaken with that view by llichtcr of Berlin, 
find published between the years 1796 and 1798. The great object of that chemist was 
to detennino the relativp capacity of saturation of the acids and bases, and to represent 
them by a series of lumbers, serving the samoc purpose as the Tables of Chemical 
Equivalents now constructed. It is unnecessary to copy the Table of Bichter, because 
the results arc, for the most part, inaccurate ; but, notwithstanding this, the merit of 
the first conception of such a table ifnquestionably belongs to him. Prout afterwards 
contributed to establish the law, by showing that^ron and antimony do not unite with 
oxygen in all propoidions, but only in uery few determinate on^^ ; and, in a contro- 
* vorsy with Berthollet, which was most ably and temperately conducted on both sides, 
he urged convincing arguments in favour oflimited combinatiozij. 

It now remains to investigate the ratios which subsist in series of combinations. 
These ratios are exceedingly simple, bemg one of the following series. Either 

A unites with 1, 2, 3, 4, 6, &c., of B j or, 

A unites with 1, ^1^, 2, 2^, 3, 3}, &c., of P. 


The first series comprehends by far the larger number of chemical combinations. 
One examjde has already been fumishctl by the series of water and peroxide of 
hydrogen. Thus 


Water 

Peroxide of hydrogen . 


Farts by weight. 
Hydrogen. Oxygen. 

. 1 + 8 

. I + U 


Eatfo. 

1 

2 



EXAMPLES OF DEFINITE COMBINATION 


37 


• m 

The two oxygen compounds of carbon also afford an examplification. ^ 

Parts by weigrbt. 

Carbon. Oxygen. Baticf 

Carbonic oxide .6+8 1 

Carbonic acid • 6 16 2 

A more extended series is fumi£^cd by the nitrogen compounds i^th oxygen, which 
is interesting for the farther reason that this series was the one first cited by the Slits- * 

I trious Dajton, a^ exemplifying his theory of atoms, soon to be discussed. 



Parts by veigbt. 
Nitrogen. Oxygen. 

Ratio. 

Pi*otoxido of Nitrogen 

. 14 

+ 8 

1 

Bino:ride of Nitrogen 

. 14 

+ 16 

5 

H 3 ri>onLtrous acid 

. 14 

4* 24 

3 

Nitrous acid 

. •14 

4 - 32 

4 

Nitric acid .... 

. 14 

+ 40 

§ 

Compounds belonging to the second series 

arc more 

rare. The following 

examples : — * 

Parts by weight. 

Iron. Oxygen. 

Ratio. 

’ Protoxide of iron . 

. 28 

®i 

1 

Sesquioxide 

. 28 

12 J 

H 

Protoxido#of lead . 

. 104 

*> 

1 

Sesquioxido 

. 104 

12 [ 

n 

Binoxide 

. 104 

le) 

2 

Arsenioua acid . 

. 38 

12 7 

U 

Arsenic acid 

. 38 • 

20 J 

2* 

IlypophosphoruB adid ^ 

. 16 


i 

Phosphorus acid . 

. 16 

12[ 


Phosphoric acid . 

. 16 

20 ) 

21 


! It will bo seen, therefore, {fjat not only in olf nmrked cases of chemical combinations 
; do substances unite in very simplc\atios, but that these ratios eff combination for the 
' same bodies are iifrariable, and that thcii^numerol exponent* are mutually propor- 
. tional. An example has been cited of tl^o utility derivable, both to theoretical and td 
practical chemi8tiy,%*om an application of this knowledge, which may be rendered 
still more readily avaUablo by means of the sliding scale of the late Dr. Wollaston. 
Availing himself of the well-known properties of a logarithmic scale of numbers, this 
philosopher subjected the numbers of chemical equivalents to thi* arrangement, by 
which the resulting proportions of any elements, as also the proportions of new sub- 
stances generated from their action, can be re»d off by simple inspection. 

Asa slight if&pection of this instrument renders evident its principles and its appli- 
cation, further description is unnecessary. Its employment, however, cannot be too • 
strongly recommended to all who have much occasion for calculating the amounfal of 
reacting substances, and the products generated. 

It is to Dr. Dalton that wo are indebted for the first correct instance of aodi a 
simple multiple in the union of nitrous gas with oxygen, and for the first distmot 
anticipation^ founded on well-ascertained facts, of the general law of multiple com- 
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bination. {hough it is duo to the lato Mr. Higgins, of Dublin, to state that* in 
an ingenious work, published in 1789, entitled, “A Comparative View of the Phlogistio 
and ^tiphlogistic Theories,'* he* had represented the combinations of azote with 
oxygen, and those of sulphur with oxygen, to form such a series that the successive 
doses of oxygen are al^ equal multiples of the fi/st; yet, as Dr. .Wollaston has 
remarked, “ these pro^rtions were conceived, rather than observed, ^to occur.** Little 
j attention seems, iij^dcod, to have been given to the*subjcct until* the year 1808, when 
i* facts, of XI similar kind, but under a more tangible form, were pubKshed by Dr. 

I Thomson and Dr. Wollaston, with regard to neutral and supcracid, 5r subqpid, salts. 

I 'fheso facts^ tended to show that the quantity of acid, combined with bares in certain 
\ super>salt6, is precisely double j and in certain sub-salts, precisel)'' Unlf, of* that whicli | 
i is saturated by the same quantity of base in their neutral compounds. j 

' Law bf Volumes. — An extension of the law of deimitc proportions, so far as I 
respects aeriform bodie^, has been proposed bj Gay TiUssac, namely, that they combine 
i in proportions determinable hy^vohme, the ratios being 1 volume of A to 1 of B, or 1 
j to 2, or 1 Ito 3, &c. Water, for example, results from the union of two volumes of 
j hydrogen gas with one volume of oxygen gas ; hydrochloratc of ammonia from one* 
f volume of muriatic acid gas + 1 ammonia ; nitrous gas from one measure of oxygen 
! 1 of nitrogen ; nitrous oxide from 1 oxygen 2 nitrogen ; nitrous acid from 2 

i oxygen + 1 nitrogen. 

i ‘ When the product remains gaseous, there is cither no condensation of elements, or, 

\ if there he a condensation, it bears some sidiple and uniform relation to the volumes of 
i the gases which have combined ; Thus, 

i 

\ Vol. Vol. ^ Vol. 

\ 1 qf chlorine + 1 liydr<.>g. ~ 2 hydrochloric acid gas. 

; 2 of hydrog. + 1 oxyg. = 2 aqueous vapour, 

i 1 of nitrqg. + J oxyg. = 1 nitrous o;wde. 

1 of nitrog. + 1 oxyg. = 2 nifrous gas. 

Having established the law of definite and multiple volumes, in a vaiicty of cases 
admitting of the actual measurement *\)f the volumes .laiefore and after combination, 
Day Lussac extended to other eases of chcmicaf union, where one of the bodies is 
. not known to us as a g|as in its separate form. For example, we Iftive never yet seen 
; gaseous carbon ; but we conclude from analogy that, at a sufficiently high temperature, i 
it would be capable of being volatilized. Wc know, also, that By combination with 
oxygen and with hydrogen, carbon furnishes gaseous compounds, and that oxygen gas, ! 
by having charcoad bumtd in it, has it» specific gravity increased from 1*1111 to 
{ 1*59779 its volumf remaining the same. The difforenoo between these two numbers 
will, therefore, denote the weight of carbon which a volume of oxygen has ahsorbed-^r 
vie,, 1*5277 1*1111 =: 0*4166. From analogy. Gay Lussac concludes, that one 

; volume of gaseous carbon unites with one volume of oxygon gas to foiffii carbonic acid, 
i and that 0*4166 represents the weight of thq former. But it is evident that the facts 
are. equally well explained, if wo suppose a greater or less volume of gaseous carbon to 
be so combined, provided its weight be proportional ; for example, two rduxaca nf 
oaibon weighing ludf the above number, or 0*2083 X 2, may unite with one volume of 
oxygen to form carhonio acid. In aU such instances, then, it is matter of theory that 
bodies , not known to us aa gases, unite in volumes which are equal, or multiplei^ or 
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Bub-multiples, of those of known gasos ; nor con wo be certain, adxnilting ibe proba- 
bility of such combinations, that the volume# assigned are actually the true ones. . 

Of the Atomic Theozy.— The remarkable proj^ortional relation existing b^ween 
substadees entering into chbmical combination, manifesting itself not only in weight 
but in volume q,^86, so far as ouf cognizance of volume can penetrate, can scarcely be 
observed without arousing speculations as to the cause of such plbportionality. No u 
priori reason could' have been offered why, eight and sixteen par^s, by weight,, of 
oxygen respectively, should combine with one part by weight of hydrogen ; but in ]m» 
iutermediajo proportions. Neither could any d priori reasoning bo adduced to explain why 
the eight parts by weight of oxygen gas should occupy exactly twice the space of one 
\ part by wei^t of Hydrogen. But such being the laws of their combination, the law 
! of proportional volumes extending to all substanees which have hitherto boeiv 
* I examined in tlio state of gas or vapour, and the law of proportional weights being 
universal for all classes of bodies, — whether* solids, liquids, or g|Lscs, — facts so curious 
in themselves, so important in their applications, night naturally create a desir& to 
comprehend their rationale. 

• Turning his mind in the b)iannel of these speculations, it occurred to the sagacity 
of the illustrious Bolton, that the definite proportionality of chemical combination 
coidd most naturally be accounted for on tho assumption of the atomic constitution of 
' matter. Thus originated the modem atomic theory, which, for beauty aud compreben-. 

• aivenessf is probably not excelled by any other speculation ; whether in chemistry or 
‘ in any other scicneo. 

Beforo offering any remarks on tho hearing which dohnite propoitionality has on 
i the theory of atoms, it may bo desirable to present a sketch of the progress of this 
theory, from ancient times to the present. First, then, what arc wc to understand by 
the term, atom ? Popular appreciation associates the word atom nwiih an idea of 
some exceedingly small particle, an idea which is practically correct. This idea, 
however, fails to convey the«most characteristic quality of atom, a term immedi- 
ately derivable from the Greek words a refu/ea^ — t. r., incapable of being cut, or 
indivisible. 

In order to have a correct appreciation of atoms, it does not suffice to regard them 
as very small particles of matteb. '(his is an idea secondary in its nature, coUatend te 
the subject, — ^not bearing directly upon its cbcmical ebarm^ter. T^c direct idea is thfCt of 
indivisibility. Any portion of matter which*cannot be further divided is, according to 
tho definition, an atojp, irrespective of the area in space which it may fill. Inafliauoh, 
however, as the most ordinarily occurring phenomena show that matter of whatever 
kind can be divided indefinitely, within any limits of which our senses can take 
cognizance— therefore, supposing matter to bd atomic, it foUdws that such atoms must 
be exceedingly small. Hence the indirect or oblique idea of smallncsi} which has copie 
to attach to the expression, atom. A keen controversy was carried on amongst the. 
ancient Greeks eg to atomic or non-atomic divMba of matter. According to one side, - 
I it was assumed that matter could bo divided indefinitely ; according to the oth^, it 
was assumed that, on earrying subdivision to a certain extent, a limit would at leng^ 
be arrived at, be^d which matter was no longer divisible. This argument w«fi 
carried on with great pertinacity, and supported with plausible evidence, on either* 
side ; but followed by no practical result . . . ■ 

o^pesition to tha existence of atoms, it was argued to be irra^nal.to supppse 
. that any particle of matter, however mnall, might not be further divided^ Ip 
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of tiieir^^xistcncc, the coimter-argament was advancod, that the non-atonusts*liad 
introduced into their reasonings the fcdkc^r of confounding matter with the space it 
oocui^es ; that although space n&y be concciyed to bo infinitely divisible, yet matter 
filling space may, nevertheless, be composed of particles sd hard that no existing power 
can sever them, — ^whic^ postulate granted, matter wduld necessarily bp atomic. 

Thus the questicfii rested imtil the discovery of lenses created a new hope that 
atoms, if they rpally existed, might b^ seen ; but all attem^ 8f this kind having 
proved fruitless, the dispute was, by tacit consent of philosophers, allowed to rest, as 
being amongst those impenetrable subjects which, admitting of no ^roof, only furnish 
a scope fb^tho exercise of sophistry, and the wanderings of mysticism. «,Bul when the 
law of definite proportime and that of multiple p^H^portione had bebn established by a 
sufficient number of examples, it became natural *to inquire what is the reason of this 
uniformity, and what is the cause which renders combination in other proportions 
impAsible. Mr. Higgins, taking for granted the correctness of the instances already 
quoled, had been led to conceive the theory of combination by ultimate particles, and 
to illustrtitc it by a series of diagrams, so constructed as to explain the phenomena of 
chemical decomposition by a comparison of the attrac*i&vo forces of those particlea 
But, though there is much in Mr. Higgins’s viqws that entitles him to the praise of 
great ingenuity, yet they ore, in seveml respects, erroneous, and are at best to be con* 
sidered as mere hints, which were not subjected by their author, at any subsequent 
period, to a more copious and rigorous induction, nor indeed estimated by bins, at the 
time, as of the importance wliich really belonged to them. 

A few years afterwards, Dr. Dalton, without the slightest knowledge of the pre- 
vious speculations of Mr. Higgins, formed the first distinct conception of that happy 
generalization, which now passes und6r the name of the Atomic Theory of the Chemical 
Comtitutim of Bodies, To this he was led by long and patient rofiection on the then 
ascertained phenomena of chemistry. In October, 1803, he communicated to the 
Manchester Society on ^say, containing the first generaltoutline that was published of 
his speculations.* This was followed, in 1808, bV a fuller, but still very concise, 
development of his views, in the first part of his ** Kew System of Chemical Philo- 
sophy.” Of this theory such illustrations as arc now offered will render it intelligible 
to the reader. t 

' When the chemical union of bodies is effected, though it appears to operate on masses^ 
^et it is consistent wifh the most rationaTview of the constitutioif of bodies to believe 
that it is only between their ultimate particles^^tia.t combination |pkes place. Of such 
ultimate particles the existence, it must be confessed, cannot be demonstrated ; nor can 
anything more than a high degree of probability be alleged in favour of their existence ; 
this degree of probability, ^however, mucB outweighs any that can be produced in proof 
of the infinite divisibility of matter. On this subject the immortal Hewton, after reflect- 
ing on the then known chemical phenomena, has thus expressed himself (in the thirty-first 
Query, subjoined to his Treatise on Optics, fourth edition, p. 350} r— *<It seems to me 
probable that God, in the beginning, formed matter in solid, massy, h£d, impenetrable, 
moveable particles, of such sizes and figures, and with such other properties, and in 
such proportions to space, as most conduced to the end for which he formed them ; and 
that the primitive partides, being solids, are incomparabfy harder than any porous 
bodies compounded of them ; even so very hard, as never to wear or break in pieces, 

•Man. Mem. Second Series, vri. 1.885. To thU Essay Dr. Dolton has annexed *< A TaUe Of the 
itolathre Weighto of the Ultimate Partieles of Gascons and other Bodies.*’ 
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' xio ordinary power being able to divide what God himaelf made one in the first treation/’ | 
i &c. To this argument, drawn from general ^ysic^, others of a wmilar ]dnd haye been j 
I added by Leibnitz and Boscovich ; and oonclusions, of the Same tendency, hajie, ! 
! more recent times, been deduced from astronomical observations. In an essay on the j 
I Finite Extent the Atmosphere?, published in the Phil.'^Tri^. for 1822, Dr. Wol- 
! laston.has observed, that ** since the law of definite prcmoflions, discovered by 
! chemists, is the same for all kinds iX matter,* whether solid, fluid, oi^ elastic, if it can 
; be ascertained ^hat any one kind of matter consists of particles no longer divisible, wo , 
can then sq^cely^doubt that all other bodies are similarly constituted ; and we may 
without hesitfition conclude that those equivalent quantities, which we haSVe learned 
to appreciate by proportionate numbers, do really express the relative weights of 
elementary atoms, the ultimate objects of chemical research.*’ From a scries of 
observations on the planet Jupiter, Br. Wollaston was led to conclude, that as this 
planet has not his due share of an infinitely divisible atmosphere, the universal’pre- 
valence of such a medium cannot be maintained*, while, on the contrary, ay the ^ 

I phenomena entirely accord wij;h the supposition that the earth’s atmosphere & of finite 
I extent, limited by the wei^t of ultimate atoms of definite magnitude, no longer , 

! divisible by repulsion of tlicir parts.** • ! 

The ultimate particles, then, or atoms, of all bodies, probably consist of solid j 
corpuscles, each of which forma a nucleus, surrounded by an atmosphere of heat ' 
Absolute contact is not supposed ever to take place between the atoms even of inelastic : 
bodies, since, at all temperatures to which have access, the subtraction of heat from ! 
a body is followed, except when the body changes, or is about to change its state, by a i 
contraction of volume. Of simple atoms, it seems most probable that the sAape^ or j 
^/l^ure is spherical. But, of compound atoms, consisting of a single central atom, sur- ! 

! rounded by other atoms of a different kind, it is obvious that the figures (contemplating i 
the solid corpuscles only) cannot bo spherical ; yet, if we include the atmosphere of | 
heat, the figure of a comx)ounfi atom may be spherical, or sor^ shape approaching to ' 
a sphere. 

Taking for granted that combination takes place between the atoms of bodies only, < 
Dr. Dalton has deduced, from ^e relative weights in which bodies unite, the relative \ 

• weights of their ultimate partiSbs, esc atoms. Thij is all that wp arc likely to deter- i 
mine respecting thepi ; for it is not probable that our knowledge will ever extend • 
beyond the ratioe of these weights. When only one combination of any two clemen- ^ 
tary bodies exists, hc assumes, unless the^contrary can bo proved, that its elements are : 
united atom to atom singly. Combinations of this sort he calls hinafy. But, if several 
compounds can bo obtained from the same* elements, they combine, he supposes, in 
proportions expressed by some simple multiple of the number of atoms. The following i 
table exhibits a view of some of these combinations : — ^ 

1 atom of A 1 atom of B 1 atom of C, binary. 

1 at jm of A 4* 2 atoms of B = 1 atom of D, ternary. 

2 atoms of A + 1 atom of B = 1 atom of E, ternary. 

1 atom of A -f- 3 atoms of ^ = 1 atom of F, quatemoiy'. 

3 atoms of A -j- 1 atom of B = 1 atom of G, quatemaiy. 

These combinations Dr. Dalton reprinted by characters, of which, as tli^ have 
not-oome into general use, I shall offer only a few examples. From their figure^ they 
appear to me better adapM than symbols of any other shape, to aid our cemoeptiens of 
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the manner in Vhich spherical atoms may mute. Oxygen is denoted by o ; Hydrogen 
by 0 ; Nitrogen by q ; Carbon by # ; iSid so of the rest. 

• Ii^watcr wo have 1 aiom of oxygmi united with 1 atom of hydrogen, q ©. The 
binary compound of oxygen and nitrogen may bo represented by o ^he 1;cmary 

compound by o 0 O4 ^^0 quaternary compound by^'go* * * | 


As an illustration of\ho mode in which the relative weights o^the atoms of bodies 
arc determined, fet us suppose that any two elementary substances, At and B, form a 
binary compound; and that they have been proved experimentally to unite in the 
proportion, by weight, of 5 of the former to 4 of the latter ; then sincq, according to 
the hypothesis, ^y unite particle to partidc, those numbers will ‘express the relative 
^weights of their atoms. But besides combining atom to atom singly, 1 atom of A may 
combine*with 2 of B, or with 3, 4, &c. Or 1 atom of B may unite ivith 2 of A, or 
3, &c. When such a scries of composmds exist, the* relative proportion of their 

(dcAicnts ought necessarily, gp s^ialysis, to be proved to be 5 of A to 4 of B ; or 
o to f4 X 2 =zj 8 ; or 5 to (4 X 3 =) 12, &c. ; or contrariwise, 4 of B to d of A ; or 
*1 to (5 X 2 =) 10 ; or 4 to (5 x 3 =) 15. Between thefie there ought to be no inten 
mediate compounds : and the existence of any^ such (as 5 of A to 6 of B, or 4 of B 
to 7^ of A) would, if clearly established, militate against the hypothesis. 

To verify these numbers, it is necessary to examine the combinations of A and B 
with other bodies. Let us take C for exafbple ; and let us suppose that A and C form 
a binary compound, in which analysis diCcovers 5 parts of A and 3 of C. Then, if 
C and B are also capable of formmg a binary compound, the relative proportion of its 
elements ought to be 4 of B to 3 of C ; for these numbers denote the relative weights 
I of their atoms. Now this is precisely the method by which Mr. Dalton deduced the 
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relative weights ,of oxygen, hydrogen, and nitrogen ; the two first from the known j 


dbmposition of water, and the two last from the proportion of the elements of ammonia. 
Extending the compar^on to a variety of other bodies, he obtained a scale of the 
relative weights of their atoms ; which, corrected \o agree with recent experiments, is 


I as follows It— 

I 1. In water, the hj^drogpn is to the oxygen as 1 to 8. 

I 2. In ^fiant gas, the^hydrogen is t«lhcPcarbon as 1 to 6. 

I 3. In earhmic oxide, the oxygen is to the carbon as ^ to 6. 

Whether, therefore, we determine the weight of the atom o^carbon, from the pro- 
portion in. which it combines with hydrogen, or with oxygen, we arrive at the same 
number, 6 : an agreement which, as it occurs in various other instances, can scarcely 
I be «n accidental coincidence. In a simiiar manner, 8 is dcducible, as representing the 
I atom of ox}’’gexi^ both from the combination of that base with hydrogen and with 
carbon ; and 1 is inferred to he the relative weight of the atom of hydrogen from the 
i two principal compounds into which it tutors. 

In selecting the body which should be assumed as unity, Dr.^alton has been 
induced to fix on hydrogen, because it is that body which unites with others in the 
smallest propoitioa by weight. Thus, in water, we have 1 of hydrogen by weight 
to 8 of oxygen ; in ol^ant gas, 1 of hydrogen to 6 of carbon ; and in sulpburctcd 
hydrogen, 1 of hydrogen to 16 of sulphur. Taking for granted that all these bodies 
are .binoij compounds, we have the fbllowing scale of numbeis, expressiTe of the 
relative weights of the atoins of their elements • 
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Hydrogen . 

• 

• 

. 1 

Oxygen 

. 

3 

. 8 

Carbon 

. 

. 

. . 6 

Sulphur . 


. 

. 16 


Bre. Wollaston and Thomson, and rrofossor Berzelius, on tbe other hand, have ; 
assumed oxygen as the decimal unjt (tho making it the second 1, and the I 
third 100), chiefly with a view to facilitate the representation of the* numerous com- ! 
' pounds of oxygen .yith other bodies. This is to bo regretted, even though the change ' 
may bo in some^ respects for the better, because it is extremely desirable thab chemical ■ 
I writers, shoulu' employ a standard of comparison for the weights of the atoms of bodies : 
j that may be universally and at once undei-stood ; and tbe hydrogen pcole appears to , ! 
j deserve a prcferoijce, because the numbers composing, it, so far as experiment has yet 
shown, are so nearly simple multiples of tha weight of hydrogen taken as 1, that ^c 
I deviations from strict conformity to the rule may ^ely ascribed to unavoidable 
errors of manipulation. But tho scale, in which oxygen is taken as unity, nceessarily 
involves the use of fractional librnber.^, as in the following examples 

Oxygen == 1. Oxygen = 10. 
Ilydrogcn .... 0125 1*25 

Carbon . . . 0*76 7*30 

Nitrogen . «,* ^‘75 17*5 * 

It is true that these numbers arc easily converted into each other by a simple 
arithmetical rule. Thus to know what number would bo equivalent (oxygen being 
supposed 1, 10, or 100) to any known number on tho hydrogen scale*, say as 8 is to 
1, 10, or 100, so is the known equivalent to tho number sought. And, on the other 
hand, tho equivalent in the hydrogen scries to any known number on the oxygen scale* 

. is obtained by the proportion. 1, 10, or 100 ; 8 : : the given* number : the number 
I sought. ’ 

i When any two bodies unite, so far as we know, in one proportion only, the relative 
j weight of their atoms is in most cases determined by their combining proportion! Thus 
! since hydrogen and chlorine unite only in the proportion by weight of 1 of the former ; 

I to 35 of the latter, we consider the relative weight of the atom of hydrogen to that of 
I the atom of chlorine to be as 1 to 35. But when one body uniAjs, in different pro- 
I portions, witb another^ it is necessary, in order to ascertain tho weight of its atom, 
i that we should know tho smallest proportion in which the former combines with the i 
' latter. Thus, if we have a body A, 100 pai-t^ of which by weight combine with not 
less than 32 of oxygon, tho relative weight of^its atom w'ill ho to that of oxygen as ’ 
100 to 32 ; or, reducing these numbers to their lowest terms, as 2 J to 8 ; and the ' 
number 25 will express tho relative weight of the atom of A. But if, in the progress ' 
of science, it should be found, that 100 parts ofsA are capable of uniting with 16 parts \ 

I of oxygen, then the* relative weight of the atom of A must be doubled, for as 1 00 is to 16, 
so is 50 to 8. This example will serve to .explain the changes, that have been some* | 
times made, m the weights of tho atoms of certain bodies ; changes which, it may be ; 
observed, always consist either in a multiplication, or division, of tho original weiQ^t, > 
by some simple nomber. It is proper, howevOT, to state that the eombiniag proper* 
rioQs are not of thems^ves sufficient, for reasons which will soon he assigiied, to decide^ 
io ^ oases, the true atomio weights of bodies. 
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In cdeea where we have the apparent anomaly of 1 atom of one substance united 
with of another, it has been propi^ed by Dr. Thomson (Ann. of Phil. y. 187) to 
^move the difficulty Hy assuming that, in such compounds, we have two atoms of the 
one combined with 3 atoms of the other. This saves us tho necessity of speaking of 
fractions of atoms, which, from the definition of the word atm, implymg indivisibiUty, 
is evidently a contr&cj^^on in terms. Such combinations, it is t^e, are exceptions to 
a law deduced by Berzelius— in oli inorganiiTeompounds, one of the constituents is in 
the state of a single atmi. But they are in no respect inconsistent wi'ih the views of 
Dr. Dalton ; and are, indeed, expressly admitted by him to be compatible with his 
hypothesis, as well as confirmed by experience. (Ann. of Phil. iii. 174r.J 

The investigation of the number of atoms in compounds is at&ndcd with consider* 

* able difficulty, and cannot always be decided by the combining proportions merely, ! 
< without regard to other considerations. On this subject Dr. DalWn, in tho second 
igah of his New Sj^tem, recently publ&hcd, has made the following remarks ; — 

** 'V^en two bodies, A and T, edmbine in multiple proportions ; for instance, when 
10 parts of A combine with 7 of B to form one compoui^d, and with 14 to form another, 
we are directed by some authors to take the smallest ^combining proportion of Ouc 
body, as representative of the elementary particle or atom of that body. Now it must 
be obvious to any one of common reflection, that such a rule will bo more frequently 
wrong than right. For, by the above rule, we must consider the first of the combina- 
tions (10 A -4- 7 B) as containing 1 atom of B, and the second (10 A 14 B) as 
containing 2 atoms of B, with 1 atom or more of A ; whereas it is equally probable, by 
the same rule, that the compounds may be 2 atoms of A to 1 atom of B, and 1 atom 

of A to 1 of B respectively. For tho proportions being 10 A to 7 B (or, which is the 

same ratio, 20 A to 14 B), and 10 A to 14 B, it is clear by the rule, that when the 
./lumbers are thus stated, we must consider the former combination as composed of 
2 atoms of A, and the latter of 1 atom of A, united to one or more of B. Thus there 
would be an equal cha^ace for right or wrong. But it 'is possible that 10 of A and 
7 of B may correspond to 1 atom of A and 2 atoms of B ; and then 10 of A and 14 of B 
must represent 1 atom of A and 4 atoms of B. Thus, it appears, the rule will be more 
frequently wrong than right.*' « c 

A particular example may, perhaps, render the difficulty above stated more intd- 
iigiblc to the student. Two oxides of copper have been ascertained to exist : 

B 

Ist. 8 oxygen -f- 64 cc^per = the red oiiide. 

2nd. 16 oxygen 4” ^4 copper = tho black oxide. 

Now these oxides mtfy be variously ^ntemplatcd : for we may cither consider the 
first as the true' binary compound of 1 atom of oxygen 1 atom of metal, and the 
second of 2 atoms of oxygen 4 - 1 atom of metal ; or we may (with equal probability, 
apart f^m* other considerations) view 4he second as the binary compound of 1 atom of 
oxygen (8) 4* ^ copper (32), which are the same proportiozil as 16 to 64. The 

first compound wiU, in that case, come to be regarded as 1 atom of oxygen 4 - 2 atoms 
of metal, 32 X 2 = 64. The latter view, in fact, is the one actually taken of these 
oxidet by Dr. Thomion, who regards the first compound as a suboxid^ and tho second 
not, as it is generally considered, as a deutoxide, but as a protoxide. In all cases of 
thig sort, it is necessary to examine, not only the compound of the two elementary 
bodies with each other, but tiie compounds of each with other bodies ; and also to 
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balance the probabilities derived irom oUier considerations, such as ihe com- 
parative facilities with which the respective Compounds are formed or decomposed ; 
their convertibility into each other ; and the permanence or ixAtability which beipngd 
to them. 

When only one compound of any two gaseous elements, A jpid B, exists, it is most 
reasonable to suppose that it is composed of 1 atom of A ^ hecause an 

additional atom of either element -’(B for esample) would introduce a now force, 
diminishing th^ attraction of the two elements for each other, viz. the mutual repul- 
sion of the^toms of B ; and this repulsion will be the greater, in proportion as we 
increase the zmmber of the atoms of B. When more than one compound of two 
elements, A and B, exists, that which is with most difficulty decomposed is probably 
the binary one of atom to atom. For example, it is much more probable that water is 
constituted of aif atom of oxygen + &u atom of hydrogen, than that the peroxide of 
hydrogen should be so composed; for in thb latter, one propoi;^on of oxygen i4^so 
weakly combined as to escape merely by virtue of iA own elasticity. ^ 

The difficulty of deciding ig»on the actual number of atoms, which, on the ’assump- 
tion of the atomic theoiy', an^ particular compound of a scries should possess, can be 
still further illustrated by contemplating the law of combination by volume. Thus 
water, as we have seen, is a compound of two volumes hydrogen with one volume 
oxygen. 

= Wato;r. 


= Peroxide of hydrogen. 


And binoxidc, or peroxide of hydrogen, is a compound of equal volumes. How arc we 
to arrive, from the consideration of data here given, at a knowledge of the true atomic 
constitution of these two substances ? Two suppositions arg possible. Either the 
atomic volume of oxygen is half tfaht of hydrogen, and water is a compound of an 
equivalent of each, or it may also be assumed that the atoms of oxygen and hydrogen 
fill equal spaces ; in accordance^ with which supposition water would bo a compound of 
one of Oxygen and two of hydrc^cn,^and the peroxide of hydrogen would be composed 
of two equivalents of each of its constituents ; in either case the ratio of composition 
remaining the same.^ Accordingly, many coxrtinental chemists, following the example 
first set by Berzelius, believe in the equ^l size of all atoms, when compared in the 
same cohesive state, and thus regard water as not a protoxide of hydrogen, but a 
suboxide. 

This theory has never been much adopted by British (diemists ; and, indeed, its 
assumption involves such a complexity of relations with other eon^unds as to 
render its adoption most inconvenient in practice, even if the balance of theoretical 
arguments were m its favour. The balancov of theoretical arguments is, however, 
against it. 

Hence, it cannot fail to bo recognised^ that however correctly the ratio of com- 
bination may have been determined for a series of bodies, still the numeral basis of 
this ratio, on tlie determination of which depend our ideas concerning the number. of 
atoms, remains a pure matter of speculation. Thus we know as a Act, that peroxide 
of hydrogen contains twice the quantity, by weight and by volume, of oxygen that 
wat» contains ; but whether the series of two is to be regarded in acooxdbmoe with 
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tbe first Gr the second of appended nehemea^ a more knowledge of thcii: oomlnning ' 
ratios comiot alone further aid us to detehoine. 


TITEOnr OP DALTOIf, 
(Usually accepted in England}. 


THEORY OP BERZELIUS. 


‘i By weight. Atoms. 
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By- weight. 


Atoms. 


f H. 0. H. (). 

Water. 1 8 11 

Peroxide of hydrogen 1 16 12 


^ . * H. 0. II. o. 

Water 8 2 1 

Peroxide of hydrogop 1 16 2 2 


It seems rational to assume, howcYcr, that the most permanent (impound of a 
series should be that generated by the cemhination of equal atoms. Ndw water is a 
, remarkably permanent compound. It is tho only compound of oxygen and hydrogen 
found in nature. It is tho phase of combination into which oxygen and hydrogen arc 
prone to assume. On the other hand, peroxide of hydrdgcn maybe designated as a 
strained or forced compound, never occurring in nature, brought into operation by an 
indirect bhemicol process, its particles hdd together by overstrainod forces, and half its 
oxygen prone' to bo evolved by very slight causes, leaviAg water as the fixed result 
These facts being considered, it seems most rational to assume that water is tho real 
protoxide of hydrogen — ^tho real combination of single atoms. Another power by 
which it has been proposed to determine the compound of single atoms in a binary 
series, is that of voltaic electricity. I)avy\)eliovc(I that all compounds should capable 
of decomposition by electricity, supposing that tbc amount of electricity applied were 
sufficiently great. Faraday, however, has demonstrated, that out of any series of binary 
compounds, only one is ' capable of direct decomposition by electricity. Collateral 
reasoning has led this philosopher the belief that the particular compound of any 
series, thus subject to electrical decomposition, is the one wliich is a direct combination 
of atom to atom. The doctrine being accepted, the proof of monatomism would be 
capability of electric depemposition—a strong presumptive argument in favour of the 
supposition that the compound so decomposed possessed u single atomic constitution. 

A third means of arriving at the determination of the number of atoms contained 
by a compound is suggested by a curious deduction, first made by Messrs. Petit and 
Dulong (Ann. de Ch. ot Phys. vol. -x. 403), and sigee fbllowcd out by M. Rcgnault. 

According to the results of these experiments, it would seem highly probable that 
the atoms of all simple substanccs—that if, their equivalent weigh^fr—have all the same 
capacity for heat. Hence, the specific heat of any simple subst^cc, multiplied by its 
equivalent number, should yield a constant quantity. Subjecting to this operation the 
accepted atomic weights of simple bodies, it is found that most of them really comply 
with the theoretical con^ohs ; the product of their atomic weight and specific heat 
is a fixed numbeS^. But certain elements vary from tliis rule ; and in such cases the 
ratio of variation is measured by some multiple or sub-multiple of the accepted atomic 
number. .Thus, for instance, it has boCn found that coibon, when ^ atomic or equi- 
valent number is multiplied into the number expressing its specific bent, docs not yield 
the theoretical product, but exactly half that product : hence, supposing tlic theory of 
M. M. Petit and Dulong, and GayLussac, to bo accepted, the combining proportion of 
carbon should be double that wo usually acoept— that is to say, it should be 12 
instead of B, 

When discussing ili^ subject of heat, the above speculations will be further treated 
of in detail. Hiey have been merely adverted to in this plate for tlic purpose of show- 
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I ing one means proposed for determining Urn number of atoms enteriag into' a binary { 

, compound. ^ I 

j In every science it is necessary clearly to distinguish between what is oertaiT) and j 
I what is'merely probable. The laws of combination, in definite and multiple proper- > 

; tions, appear to,.bdlong to the former class ; but generalj^ation, which explains j 
those truths by q>eculation8 respecting atoms, must be acknowl^ged, in its present | 

' state, to bo entirely theoretical. The probabilities, however, iis favour of this I 
, theory increase, with the progress of science. That bodies consist of ultimate indi* j 
i visible ato^'— that these ultimate atoms have in different bodies different weights-— i 
that it is only, between these atoms that chemical combination takes place-^and then ' 
either between single atoms, or by simple multiples of atoms— are propositions which 1 
may be considered as safe ground for our future reasonings. But &e details of the 
theory, it must b o acknowledged, are still open to further investigation, and no* one was ; 
more aware than the illustrious author of it himself, that wc 6tiB,want data suffici^tly 
cx!act for determining the relative weights of ^thc t^omi of many bodies, c^eciajly of i 
those which are known to us only in a gaseous state. (Sec his New System, voL ii. 

3dl.) No better service cbuld be rendered to chemical science than the accurate ! 
determination of theso most important data, which ought not to rest on the testimony ; 
of any one individual, however great his reputation or his skill, but to bo decided by | 
the concurrent testimony of witnesses competent to the task, and uninfluenced by ! 
thooretioal predilections. 

Although hydrogen be adopted as the unit of proportional relation, the adoption i.*: \ 
one of mere convenience, and totally irrespective of a theory first advanced by Br. 
Prout, and propounded on tbo evidence of experimental demonstration by Br. Thomson, j 
' By this theory the atomic weights of all bodies were assumed to be multiples of the • 
atomic weight of hydrogen by a whole number. If this doctrine were established, theji ; 
a table of equivalent weights— hydrogen being unity— should, theoretically speaking, . 
contain no fractions ; and, pructicaUy, any fractions thus appe ving should be referable • 
to errors of calculation. I 

This doctrine was strenuonsly opposed by Berzelius, as being inconsistent with his I 
deductions ; and the late Br. E. Turner having gone through the experiments neccs- ; 
sary to determine the matter af issup, gave his adhesion to the 'i^cws of the Swedish i 
chemist. Accordingly, in the table of atomic or equivalent numbers, which will be found 
under the head of Chemistry of the Pondera'f>le Agents, fractional parts will be given. 

On the law of vojumes, os first generalized by M. Gay Lussad, were founded some 
interesting speculations, published anonymously in Br. Thomson’s Annals of Philosophy, 
for Nov. 1815, but since acknowledged by Br. Prout, On the delation between the 
Specifle Ch'avities of Bodies in their Gcueous State, and the Weight of their Atoms. 
Assuming atmospheric air to be constituted of four volumes of ^otc, and one volumo 
of oxygen, and considering the weight of the atom of oxygen as 10, and that of the 
atom of azote aal7'5, he finds the specific gr^ities to be 

Of oxygen gas . . . , Pllll 

Of azote *972 

From the specific gravity and comx)Ositiuu of ammonia ho deduces the specific 
gravity of hydrogen gas to be 0’0694. The specific gravity of oxygen thus obtained is, 
therefore, exactly 16 times that of hydrogen, and the specific gravity of c^cte just 14 
times. By a similar method he inferred the specific gravity of other gasest; and also 
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of some dementary subBtanoes in a gaseonB state, that do not at ordinary temperatures 
exist in that state ; and ho embodied thb results in the form of tables, from which he 
(kew the then remarkatole conclusion, that all ilte elementary numbers^ hydrogen being 
considered as 1, are multiples of the atomic weight of hydrogen by a whole numbS. Dr. I 
Prout also first pointed out that to find the specific gravity of any substance in the state | 
of gas, we have only to pultiidy half the specific gravity of oxygen gas by the atomic i 
weight of the substance, with respect to oxygen. For instance, the combining ratio in I 
volume between oxygen and iodine is as ^ to 1, and the combining ratio in weight as I 
1 to 15*5. Now -5555, the density of half a volume of oxygen, nfultiplipd by 15*5, : 
gives S'fiflll for the specific gravity of vaporous iodine. In several (^instances, the | 
numbers thus deduced have been confirmed by a valuable series of experiiiients, under- | 
taken by Dumas, with the view of determining the atomic weights of bodies by the j 
density df their vapours. (Ann. de Chim. et do Phys., Dec. 1825.) The specific i 
gra^ty of gaseous iodine, for example, Dumas finds by experiment to bo 8*716, a I 
dcT^ion from the theoretica? mfinber (8*6111) of too small amount to impeach the i 
! accuracy *'of the method of reasoning, from which the latter number had been derived. | 
I The definite proportionality of chemical compounds, which imparts such weight tc> ! 

I the arguments in favour of the atomic constitution of bodies, admits, however, of another ! 
i explanation. Instead of being due to the limitation of size and weight of combining | 
i atoms, it may bo due to mere limitations of combining force. 

With respect to this matter, a train of very beautiful speculations has beci» entered 
upon by M. Dumas, who has drawn the detention of chemists to some relations sub- 
sisting between certain triads — relations, in which the numbers indicative of combining 
quantities seem to bear a strict proportionality to certain qualities of each member of 
^e triad. The three simple bodies— chlorine, iodine, and bromine — well illustrate the 
i^eas of the celebrated French philosopher. Every chemist is aware of the fact that 
the three elements above mentioned manifest a certain similarity to each other in many 
respects, so that in all cl^emical systems they arc described as belonging to one and the 
same group. Thus, for example, all three arc endowed with a pungent odour of the 
same quality ; all three give rise, by combination, to analogous compounds ; all three 
are volatile. Looking at the respcctiye degrees of their cohesive state, wo find iodine 
(a solid) at one end the series, bromine (a liquid) in^e middle, and chlorine (a gas) 
at the other end ; thus presenting a weU marked gradation. The jjamo remaik holds 
^ood, in general, for die degree of energy** with which each member of the triad enters 
into chemical combifiations. Several other aspects of viewing t]^e three will occur to 
chemists ; all suggestive of the general idea that chlorine and iodine are respectively 
the extremes of a triple arrangement, of which bromine is the mean. But the most 
remarkable coincidence in reference to tlus subject has been pointed out by M. Dumas, 
and it is this If the equivalent numbers of chlorine and iodine (the extremes) be 
added together, and their mean proportional obtained by division by 2, the result of 
this qperatidn is the equivalent number ilf bromine. Thus, 

Atomic, or equivalent weight of chlorine ... 35 

"of iodine . . .125 

160 

Half thatlnMn is the atomic weight of bromine. 

80 
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“ Thus it follows/’ to use the figuratiye language of M. Dumas, ** if we could by 
any means cause the, union of half an atom of chloitae with half an atom of iod|ne,^e 
might hope to create an attim of bromine.” The language is so far figurative, that to 
efibet the divisioi} of an atom, that is to cay on indivitihle ihing^ is obviously impossible ; 
but it is not irfational to speculate on the divisibility of a foi^c# 

Leaving the traadj, chlorine, bromine, and iodine, that ^f sulphur, .selenium, and 
tellurium, may be selected as demonstrative of similarly existing relations. These three 
bodies ore well l^own by chemists to be isomeric, that is to say, capable of mutually 
replacing each other in chemical combinations. Of the three, sulphur is the most volatile, 
selenium thf fiext, tellurium least of all. As to their decomposing power, sulphur replaces 
selenium, selenium tellurium ; in short, the remarks applied to the triad of chlorine^ 
bromine, and iodine, will also apply here. Now the equivalent or combining«weight of 
sulphur is 16, ot tellurium 64, and half thq sum of these extremes is the number*40 — 
the exact atomic weight of the middle term of» th^ triad—thc atomic wei^ht.of 
selenium. 

Take again the triad cal^um, strontium, and barium. Without stopping to indi- 
t‘ate the various analogies of these bodies, it will be sufficient to remark that chemists 
universally recognise their similarity.* In this scale of analogous qualities, calcium 
and barium are the extremes, strontium is the mean. The atomic or equivalent weights 
of the three arc as follow : — 


I Calcium . . . .20 

j Strontium . . .44 

Barium . . ^ . 68 

And it will bo evident at a glance that there exists here a harmony between tl^ 
chemical qualities and the numeral exponent of their combining proportion as before ; 
for 68 plus 20 divided by 2 is .equal to 44, the atomic numb^ of strontium. Then, 
again, to employ the language of M. Dumas, if we could “ by any means effect the 
; union of half an atom of barium with half an atom of calcium, we should have one atom 
of strontium as the result.” ^ 

Lithium, sodium, and potasaium^constitutc fmother well marked and universally 
I recognised chemical triad. The similarity between these bodies is too evident to need 
; being pointed out.* Of the three, lithiufii is the least inffividualised alkaline < 
; metal ; potassium the most individualise^ ; sodium, as every chemist knows, stands 
intermediately; and licro again, referring to the respective equivalent numbers, 
there is a numeral accordance similar to. the one pointed out in the preceding 
examples. 

Such an extraordinary symmetry of chemical qualities with numeral exponents can 
searoely be assumed to be a matter of chance ; still less can it be averred that the 
! figures on which these deductions are based haee been, in any case, much strained to 
I accord with the oplhions of M. Dumas, although inorganic chemistry affords the most 
: palpable examples of the correlation between material qualities and numeral eiqKments ; 
nevertheless, the French philosopher believes this correlation to be far m^ widely 
roeognisablc. Thus many chemists, and M. Dumas amongst the number, hav^gaxded 

* It should be remarked that some of the atomic numbers assumed by M. Dumaa, and here 
employed, vary to a alight extent firom those generally accepted— not enough, howeyer, to invalidatg 
hisdootrine. • 
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dBl^ (M'gaiiio bodief M iiiBlog;(ms to the metals. Of this kind are the thM orgiBiic 

0, H3 0 

O4 H4 0: 

C,' Ht .0 

itrhioh niiy be reg|tded a^^ three several oi^dcs of ao isomeric triaid, ^alogotts to those 
already adverted to in the inorganic kingdom. Slight examination will^rove the lav^ 
siao holds good in ^ latter case. Omitting the Oxygen in tho thr^ preceding sub- 
stailices, half the sums of the extremes will be equal to tho mean. Indeed, hi. Dumas 
seas in these manifestations a general law, which may bo thus (expressed When 
three bodies having qualities precisely similar, though not identical, are arranged 
in the ihiocession of their chemical powers, there will be als^ a successive 
arrangement of their ^umeral powers, indicated by the reSpcctivo equivalent numbers 
^ tSe^substances. 

This ^mmetry between chemical and numeral function suggests, as M. Dumas 
remarks, the possibility of transmutation— yet not transihuitation in the old alchemical 
sense. Chemists see no manifestations of a tendency of being able to convert lead into 
silver or gold. These metals arc not chemically conformable. One cannot take the 
others place by substitution. They are not isomeric. The probability, M. Dumas 
imagines, is that our first instances of metallic transmutation will effect the jphysical 
state merely without affecting chemical «»omposition, analogous to many known cases 
amongst non-mctallic elements. Thus, carbon as charcoal is widely different in 
its physical relations from carbon as the diamond. Sulphur and phosphorus 
respectively assume two forms, as is well know'u. Why may not a metal be similarly 
endowed ? • 

Of ZSlectiwe Affinity. — An important law of affinity, deduced chiefly i^m 
the phenomena of chemical decomposition, is, that opo body has not the same 
force of affinity towards a number of others, but attracts them unequally. Thus 
A will combine with B in preference to C* even when these two bodies are pre- 
sented to it under equally favourable circumstances. Or when A is united with C, 
the application of B will detach^ .Af from 0, and ^9 shall have a new compound, 
consisting of A ancf B, 0 being set at liberty.* Such cases are examples of what 
is termed in chemistry simjflc decomposition^ by which it is t^ bo understood that 
a body acts upon a compound of two ingrgdients, and unites with one of its con- 
stituents, leaving the other at liberty. And as tho forces eff affinity of one body 
to a number of others vary, this body has been metaphorically represented as making 
an election ; and the affinity has been'called hivgle elective affinity. Thus, if to liquid 
hydroGhloratc* 4 )f lime, Ctmsisting of lime and hydrochloric acid, wo add potassa, the 
lime ASs down in tho state of a powder, or is precipitated. Of facts of this kind a great 
variety has .been comprehended in tho^form of tables, the first idea of which occurred 
nearly a century ago to Geoffroy, a French chemist. The substan^^e, whose affinities 
are tu be ex^p^essed, is placed at the head^of a column, and is separated &om tho rest 
by a hoEisental line. Beneath this line are arranged the bodies with which it is 
oapalde If oombiniBg, in the order of their respective forces of affinity ; . the substance 
wblcdi it attracts most strongly being placed nearest to it, and that for whioh it has 

* What is here called hydiroehlorate of lima may really be chloride of oakiuin ; bat the latter 
ISM weald not #bxinv«rfte In the coia aader eonsideratlon. Under the head of Chlertie iad 
‘Dydtoehlorie Acid, the condition of chlorioe in aqueovs solution will be fully explained. 
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the least affinity at the bottom of the colutam. The affinities of hydrochloric add, linr 
example, are exhibitod by the following series : — * 

HYDBOOHLOBIC ACID. 

Oxide of sIlTcr, 
fotassa, , 

Soda, 

Baryta, 

Strontia, 

Magnesia, 

Ammonia, &c., &e. 

Chemistry, indeed, presents innumerable examples in which tnis apparent deption 
tabes place. A few more leading examplcl may be noticed. Xf hydrochloric acid be 
cautiously added to a mixture of lime and alumina? xioPa particle of the lattpr will be 
attacked until the lime has been quite dissolved ; thus creating the impression that 
the acid and lime were cndflwcd with a sort of reciprocal preference for each other. 
Nitric acid is capable of acting both upon iron and upon copper, red nitrous acid fumee 
being in cither case evolved ; yet if nitric acid bo poured upon iron and copper, both 
in contact, not a particle of copper will be attacked until the iron has been all dis- 
' solved, tlf iodine bo brought into contact with hydrosulphuric acid gas, solphur is 
expelled, and the iodine and hydrogen unit^, forming hydriodic acid gas. If chlorine 
bo mixed with the hydriodic acid gas thus formed, decomposition will again ensue ; 
hydrochloric acid will be formed, and iodine liberated. Nitrate of silver constitutes 
the storting point of a very interesting series of simple decompositions. If a globule 
of mercury be tlirown into a solution of this salt, the mcTcury is ffissolvcd, formhig 
nitrate of mercury, and a proportionate amount of silver thrown down* If copper be 
immersed in nitrate of mcivury, mercury is thrown dow& and copper dissolved, 
I'oi'ming nitrate of copper. In like manner, continuing the scries, metallic lead will 
separate copper from nitrate of copper, and metallic zinc will separate lead from nitzste 
' of load. 

It must be here stated, iu ahticigation of another part of ou^subjcct not yet die- ' 
cussed, that the compounds termed in the preceding statement nitrate of copper, of silver, 
of mercury, &c., are, respectively, nitrates of tlie oxides of these metals ; hence the* 
appellations, nitrate of the oxid$ of silver, have been more correct : although 

the expression is usutuly abbreviated. From this explanation it will appear that the 
order of separation of the metals, silver, mercury, copper, ^and lead, is really tho ^ 
order of their separation from oxygen. Consequently, wo may now arrange the 
order of decomposition for the specified substances, as regards oxygen and hydrogen , 
respectively, as follows ) 


Hveaoaxir. 

OXTQXK. 

Chlorine 

> Zinc 

Iodine 

Lead 

SuJ^hur 

Copper 


Mezoaij 


Silver 


If the ovdfllr of dnempffintion for my ginen series were iaraiUle, ttei jt woeld he 



ANOMALIES OF TABLES OF AFFINITY. 

etpy by means of tables, such as those d^wn up by Geoffiny, to specify the relatiye 
sbiengjh of affinity subsisting between any number of bodies whudi might have once 
been submitted to investigation. But various circumstapoes demonstrate tha{ such 
tables merely indicate the order of decomposition i^dcr one particular sot of con- 
ditions, and are by nseiifeans to be accepted as a true measure of afbnty. 'The force 
of the objection just offfired wiU be rendered ajiparent by rofleating on the fol- 
lowing circuinstahces. 

If aqueous vapour be passed over red-hot iron, oxide of iron is for^o^and hydrogen 
liberated, thus giving rise to an impression, if the theory of Gooffroy be adapted, that 
oxygen possesses a greater affinity for iron than it has for hydrogqp ; y^, by varying 
the conditions, it is possible to obtain a testimony directly opposed to the former. If 
oxide of <ron be submitted to the action of hydrogen gas, at an elevated temperature, 
the Oxide is decomposed, and water and n^ptallic iron result. Judgin'^ from the testi- 
mohy of this experiment, it^wopld appear that oxygen has a greater affinity for 
hydiiogemthan for iron. 

If potassiuin be thrown into water, so violent is thc^ tendency which the alkaline 
inetal manifests for oxygen that water is decomposed, and combustion ensues. If 
metallic iron be thrown into water, only a ver/ slow oxidation of the iron, after the 
lapse of a considerable time, takes place. Hence, were there no opposing testimony, 
it would seem dearly deduciblc from the result of these experiments that potassium 
has greater affinity than iron for oxyg^. Yet the actual method of obta&ing tiic 
metal potassium consists in exposing its oxide (potash), at a white heat, to the decom- 
poring agency of metallic iron. If sulphuric acid be poured into a solution of borax 
(borate of soda), decomposition ensue*, sulphate of soda being formed, and boracic acid 
deposited. Yet, if boracic acid be heated with sulphate of soda, both dry ; then borax 
TMults, and sulphuric acid is expelled. 

By thus varying the;treatment, results the most opposite to those which might have 
been anticipated are omined. A very remarkable example is famished by tbe action 
of Silicio acid on common salt, at a high temperature. In all ordinary moist operations 
rilicic acid, or silica, is endowed with such weak acid powers that they can scarcely 
be recognised ; yet, under conditioifti of high tempe^jltuFe, these powers arc greatly 
elevated. The moiA common plan of glazing poib(dain depends upon this fact : whilst 
^the tinglazed, or biseuit ware, is still gluwing, a handiul of comipon salt being thrown 
up^ it, decomposition ensues — silicato of soda is formed, and chlorine is expelled. 

^ Again, if hydrochlorate of lime he mix^ with an aqueous anlution of carbonate of 
'asiiiBoma, corbmate of lime is thrown down and hydrocblorate of amsumia results ; 

if the two be heated together, without water, no decomposition ensues — caibonato 
of aauBonia is evolved and hydrochloTate of lime remains. 

All tiiese instances — and many others might be cited— prove indubitably that the 
force of tdBnity is subjected to modi^ations by so great a number of causes, that the 
tables of deooitai^sition drawn up by Geoffiroy can by no means be onasidsred indicative 
of the rdative forces of affinity between the different substances spedfied in the table. 

The inoonclusiveness of the so-called tables of affinity of Geoffiroy was first pointed 
out by the celebrated BerthoUet. When he propounded his objections, the laws of 
definite proportioiiaHsm were not established; and, pushing his otgeotions to an 
eztrmne, he denied the existence of attractiop as a separate force.* He maintained that 
the fimnation of any binary compound— and none otiier than binary compounds were 
■■■Maowa. in bis thne— waa not due to tilie operation (ff any dia^eri^ fbtee but 
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to the fact that the elements forming such a body happened to generate iln certain < 
proportions, a result of maximum cohesion. we knbw that partii^''.of ' 

sulphuric acid and 76 parts of baryta constitute tlie insoluble sulphate of barylh; and ' 
wo belioTe the determinate ratio of this combination to be explicable on the assumption ; 
of the definite«proportionalism of chemical compounds. Beiih^llet, howerer, assnined ! 
that the combina|ion of sulphuric acid with baryta, in tiiese proportions, depended 
on the ihet that no other combination •of the two yielded a result of equal 
insolubility. * . 

The ^positihn of sulphate of baryta, when sulphuric acid is mixed w^th a barytic 
salt, fhxxdshad one of the instances cited by Bcrthollet of the modification of affiidty 
by cohesion of ths*rcsuUmU In cases where the result of combination does not form 
any compound of grjeat cohesion — or, in other words, of great insolubi^ty*— then, 
according to BerthoUet, thp ingredients might combine together in all possiblq pro> 
portions ; and the final result, obtained by evaporation, or otherwise, would be deter* 
mined by the cohesive force then brought into plaf. 


If we discard the fundamental error of ignoring such a force as chemical attractiem ; 
•if we admit it to exist, but assume that its normal action is modified by collateral cireum- 
stances—thon the rcmarlDi of Bcrthollet will generally hold good. This philosopher 
has the merit of awakening attention to a very large series of facts, and has corrected 
a dogma altogether incompatible with the testimony of experiment. There can be nio 
doubt that, in many cases of solution, the distribution of two acids between one base 
does actually occur, os indicated by Bcrthollet. Thus, sulphate of copper is blue, hydro- 
chlorate of copper green ; and if hydrochloric acid be added to a solution of siilphate of 
copper, a green colour results ; yet, on evaporation, hydrochloric acid passes away, and 
sulphate of copper reappears. In this instance it is scarcely possible to resist the 
testimony that in the solution chloride of copper existed. This result, however, is by 
no means invariable, as will appear from a consideration of the following experiment, 
Sulphuric acid, and borocicheid, l|^th redden litmus paper ^ but the tint of redness 
is so different that it may easily be recognized. Now, if a solution of borax be 
decomposed by the addition of sulphuric acid, and the solution frequently tested 
during the operation, by means of litmus papery it will be found that not the slightest 
indication of sulphuric acid is fecognizable until dvery particle af the borax has been 
decomposed. This evidence seems to demon|trate the existence ^f diemical attraction 
or affinity os a self-existing specific force ; otherwise, there appears no n^bson where-* 
fore the soda of the b§rax should not be divided between the two acids, ^at a base is 
thus divided in some cases—in the instance, for example, just cited— where hydrochloric 
acid was supposed to be added to a solution sulphate of eppper, is easily explicable 
on the supposition that the affinities of the two acids, under the Renditions of the 
experiment, were equally balanced. 

The doctrine of BerthoUet, maintiuned with aU the powerM argumentation of that 
highly-gifted phijpsopher, would, if established, have shattered the structure of Che- 
mistry to its base. The progress of investigation haci satisfied chemists that a ^e^ 
force of attraction of affinity does exist; dhd to this extent the theory of BerthoUei is' 
incorrect. It has also satisfied them that so many extraneous causes are in operalto 
to modify the order of decomposition, that no certain, knowledge of the pemer of 
affinity existing between bodies can be d^uoed from any one order of deoompositibn. 
The causes which modify the action of affinity wiU be discussed in the fbUowing sectimi. 

Simple' decompositions may be exproMed also by another form, (mfrivod by 
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Sergmon. Thus the following scheme iUustrates the decomposition of hydrochlorate 

'of^jhagnesia hy potasw 

* Ilydroehloratc of Potassa. 

Hydrochloric aoiU. Potasses. 

Water at CO'. 

Mrp'ncria. •* 

Magnesia. 

The original compound (hydrochloratc of magnesia) is placed on tl\e ouidlf c and to the ' 
]pft of the vertical bracket. The included space contains the original principles of the 
compound, and also the body which is added to produce decomposition. Above and 
below the horizontal lines arc placed the nc;v results of their action. The point of the 
low6r horizontal line bAng turned dpwnwards, denotes that the magnesia falls down, or is 
precipitated ; and the upper line, being perfectly straight, shows that the hydrochloratc 
of potassa remains in solution. If both tho bodies ha^, remained in solution, they 
Would both have been placed above the upper line ; or, if both had been precipitated, I 
beneath the lower one. If cither one or both ‘had escaped in a volatile form, this | 
would have been expressed by placing the volatilized substance above the diagram, and 
turning upwards tbc middle of tbo upper horizontal line. And since decompositions I 
vary under different circumstances, it is npccssary to denote, by tbc proper addition to | 
the scheme, that tho bodies arc dissolved in water of the temperature of 00''. i 

The decomposition may bo still more effectually represented by the following 
azrangement of diagram, which is Iha^. now most usually adopted ^ 

Potassa ^ Ilydrochlorate of potas'ia. j 

Hydrochloratc of Magnesia | 1 

Ho chemical facts can appear, on first view, more simple or intolligiblo than those ' 
which arc explained by tbo opcratiofi of single electee afiinity. It will bo found, 
however, on a more cninuto examihation, that this force, abstractedly considered, is 
only one of several ctyiscs which are concerned in chemical dccqmpositions, and that 
*its action is modified, and sometimes even subverted, by counteracting forces. 


Ilydrocbloratcf of Magnesia. 


OF THE <?AUSES WHICH MODIFY THE ACTION OF CHEMICAL 
AFFINITY. 

The order of decomposition is not, tA, might bo inferred fiom tho law of elective 
affinity, invariable ; but, in certain cases, may even be reversed. Tlfus, though A may 
attract B more strongly than either A or B cs attracted by C, yet, under some circum- 
stances, C may bo employed to decompose paitially the compound A B. Again, if wc 
mix together A, B, and 0, using tbo two first in tbc proportions required to neutralize 
each other, it wm be found in some cases that A and B have not combined to the 
exclusion of G| but that we have a compound of B with A, and another of B with 0, in 
fCopa^ns regulated by tbc quantities of A and 0 which have been employed. Facts 
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of Ihia kind have been long known to diemists. It h^ been aaoertsmedi f5r aaam|iie^ 
before the time of Bergman, that sulphate olf potassa, a salt composed of sulphurio eeid 
and potassa, is partly decomposed by nitric acid, although* the nitric Jtas a wester 
affinity than the sulphuric Icid for that alkali. Examples of the same kind have linM 
been mulriplied 1>y BerthoUet, ^ho asserts that in the foll(pving, as well as in other 
cases, the body first mentioned, in each line, decomposes a^ooilipound of the second 
and third, although i& attraction fi)r the second is inferior to that of the thiid Hat the 
second. 

1. Potassa separates sulphuric acid from baryta. 

2. Lime separates sulphuric acid from potassa. 

% Potassa separates oxalic acid from lime. 

4. Nitric acid separates lime from oxalic acid. 

d. Potassa separates phosphoric acid from lime. 

6. Potassa separates carbonic acid from lime^ 

7. Soda separates sulphuric aci(^from potassa. 

I , These instances of rtci^ocal decomposition, and a variety of similar ones, arc 
: explained, according to the views of BerthoUet, on the following principles : — 

I Antagonistic Foxcea.— When two substancas are opposed to each other with 
I respect to a third, as in the foregoing examples, they may bo considered as antagonist 
i forces ;^and they share the third body between them in proportion to the intensity of 
j their action. But this intensity, according to BerthoUet, depends not only on the 
I entrgy of the offimtics, but on the quantities of the two bodies opposed to each other, 
i Hence a larger quantity of one of the substances may compensate a weaker affinity, 
i and the reverse. To the absolute weight of a body, multiplied by the degree of its 
affinity, ho has given the name of mass, a teiin in some degree objectionable from the 
different meaning which is affixed to it in mechanical philosophy. As an illustration, 
! let us suppose (what is not accurate in point of fact) tliat affinity of baryta for 
I hydroeliloric acid is twice as string as that of potassa, or that these affinities arc 
! respectively denoted by the numbers 4 and 2. In this case the same metss wUI result 
I from 4 parts of baryta os from 8 of potassa : because the same j^oduct (16) is obtained 
; in each instance, by multiplying the number inhi^ating the a&ity into that denoting 
j the quantity ; for 4 (the affinity baryta) multiplied by 4 (th8 quantity assumed in 
j this example) is cqtal to 10 ; and 2 (the affiaity of potassa) mukiplied by.8 (its quan- 
j tity) is also equal to 16. In this case, ^crcforc, to divide equally a pox|^pn of hydro- 
I chloric acid bctwceif baiy^ta and potassa, these bodies should be employed in the 
proportion of 2 of the former to 4 of tho latter. 

The influeAcc of quantity explains also Ibc difficulty which, in many instances, is 
observed in effecting the total decomposition of a compound of two principles by means 
of a third. The immediate effect of a third body C, when a^ded to a compound A B, 
is to abstract from B a portion of the substancf A ; and, consequently, a portion of B is 
set at liberty, ih9 attraction of which for A is opposed to that of the uncoiubincd port 
of C. The fiirthcr this decomposition is cijrried, tlic greater will be the proportion of B,, 
which is brought into an uncombined state ; and the more powerfully will B oppose 
any farther tendency of C to detach the substance A. At a certain point, the affinities 
<4 B and 0 for A will be exactly balanced, and tlie decomposition will proceed no 
farther. In several cases, it is acknowledged by Berthollot, a third body eeparates tho 
whole of one of the principles of a compound ; but this ho supppsce to happen in con* 
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soquenoe of the agency of other extraneous forces, the nature of which remains to*l>e 
pointed out. 

^ CiohMlon is a force/'the influence of which over the chemical union of bodies has* 
already been explained in a former section ; and other illustrations of its interiSrenoe 
will be given, when we ^nsidcr the subject of the linfitations to cheihigal combination. 

Enaolnbllltj is Snofiber force, which essentially modifles the exertion of affinity. 

It is to be considered, indeed, merely as the result df cohesion, with respect to the liquid 
in which the effect takes place. ' 

When a soluble substance and an insoluble one are presented, at the saiqip time, to 
a third, foi^which they have nearly an equal affinity, the soluble body is^brought into 
the sphere of action with great advantages over its antagonist. Tts cohWon at the 
emtset is but little, and by solution is reduced almost to nothing ; while that of the 
insoluble body remains unffiminished. The whole of the soluble subskmcc also exerts 
its a^^ty at once ; w^ile a part only of thd insoluble one can oppose its force. Hence 
the soluble substance may prew.il, Lnd may attach to itself the greatest proportion of 
the third Ibody, even though it has a weaker affinity tl^ the insoluble one to the 
subject of combination. ' •. j 

Insolubility, however, under certain circumstances, is a force which turns the ; 
balance in favour of the affinity of one body when opposed to the affinity of another. | 
For example, if to the soluble compound, sulphate of soda, we add baryta, the new : 
compound, sulphate of baryta, is precipitated the instant it is formed; and, being | 
removed from the sphere of action, the soda can exert no effect upon it by its greater j 
quantity or mass. For the same reason, when soda is added to sulphate of baryta, the . 
sulphate is protected from decomposition both by its insolubility and by its cohesion. 

These facts convinced Bdrthollet that the order of precipitation, which was formerly ' 
a^med os the basis of tables of affinity, can no longer be considered as an accurate ! 
measure of that force ; and that the body which is precipitated may, in some cases, be 
superior in affinity to throne which has caused precipitation. In these cases, a trifling 
superiority in affinity may be more than counterbaianced by the cohesive force, which 
causes insolubility. 

Chraat Bpeelfla Chniwity is a fo^co which must copeur with insolubility or cohe- j 
sion in originally imjjeding combination ; and, wl^n ohcmical union has taken place, ! 
it must come in aid of affinity, by removing the new compound from the sphere of ' 
action. It is scared/ necessary to enlarge upon the operation of a force, the nature 
of which must be so obvious. 

Slnaticity.-— Cohesion, it has already been stated, may prove an impediment to 
combination ; and, on the other hand, it is possible that the particles of bodies may 
be separated so widely, ad to be removed Wt of the sphere of their mutual attraction. 
Such appears to be the fact with regard to a class of bodies called airs or gases. The 
bases of several of these have powerful attractions for the bases of others, and for 
va^ous liquids, and yet they do not confliine on simple admixture, but strong mechani- 
cal pressure brings their particles sufficiently near to bo within the mfluence of their 
mutual attraction, and combination then ensues. 

jigain, if two bodies, one of which has an clastic and the other a liquid form, be 
presented at the same time to a solid, for which they have both an affinity, the i^id 
will unite with the liquid in preference to the gas. Or, if we add to the compound of 
an elastic substance with an inelastic one, a third body also inelasuc, the two which 
are inelastic combine, to the exclusion of the elastic body. For example, if to the com- 
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poimd of potaHsa and carbonic acid we add sulphuric acid, the latter acid, Acting both 
by its affinity and its quantity, disengages A portion of carbonic acid. This, by its 
elasticity, is removed from the sphere of action, and presents^o obstacle to the faitller 
qperaflon of the sulphuric aSid. Hence elastic bodies act only by their affinity ; whereas } 
liquids acbbotl^b^ their affinity hnd quantity conjoined. An^ though the affinity of i 
the liquid, abstractedly considered, may bo inferior to the of the elastic body, ; 

yot, aided by quantity, it prevails. • In the«above instances, the wjiole of the dastic j 
acid may be expelled by the fixed acid ; whereas, as it has already been observed, 
decomposijjion is* frequently incomplete, if the substance which is liberated remain 
within tho si^ere of action. 

The influence Axercised by elasticity in modifying the play of affinity, may be 1 
illustrated by restraining the elastic substance and not permitting its escape. Thus, if 
carbonate of lime be exposed to red heat, carbonic acid escapes and lime remains; but j 
if the heating be conducted in a close vessel under great pressure, then carbonale of : 
lime may be fused unchanged. In this way, thesgreater part, if not all the qjarblo 
existing in Nature has been evidently formed. 

• Sflloxeacence is a circumstance which occasionally influences the exertion of 
affinity ; but this is only of very rare pccurrence. The simplest example of it is that of 
lime, and hydrochlorate of soda. When a paste composed of these two substances, with 
a great excess of lime, is exposed to tho air in a moist state, the lime, acting by its j 
quantity^ disengages soda from the common salt, which appears in a dry form, on the 1 
outer surface of the paste, united with carbbnic acid absorbed from the atmosphere, j 
In this case the soda, which is separated, being removed from contiguity with the I 
interior part of tho mass, presents no obstacle to the farther action of the lime, and | 
the decomposition is carried farther than it woflld have been, had no such removal ; 
happened. ^ | 

Tempomtiue. — ^Tho influence of temperature over chemical affinity is extremely 
important ; but, at present, a very general statement only Xf its effect is required. 

In some cases an increased temperature acts in promoting, and at others in impeding, 
chemical combination ; it materially affects also the order of decompositions. 

An increased temperature promotes chemical^ union by diminishing or overcoming 
cohesion. Thus metals unite bji fuipon, and several salts are mor^ soluble in hot than 
in cold water. Whenever heat is an obstacle to combination, it produces its effect by 
increasing elasticity. Hence water absorbs* a less proportion it ammonia at a high • 
than at alow tempera^re. A reduction af the temperature of elastic bodies, by lessen- 
ing their elasticity, facilitates their union with other substances. In certain cases, on 
increased temperature has the effect both of diminishing cohesion and'increasing elasticity. 
When sulphur is exposed to oxygen gas, no combination ensues until the sulphur is 
heated ; and, though the elasticity of the gas is thus increased, tlffi diminution of 
cohesion of the solid is more than x>roportionate, and chemical union ensues between 
the two bodies. ^ 

Blectiical ilate of bodies has a most important influence over their chemical 
union. This, however, is a subject which*iri]l be treated at length in a subsequent • 
chapter on Slectro^ehmMtrp, 

XeehaiiiGal pxaaauxe is another force which has considerable influence over 
chemical affinity. JWith respect to solid bodies, its agency is not frequent ; but we have 
unequivocal examj^es of its operation in cases were detonation is produced by concus- 
sion. The effects of pressure are chiefly manifested in producing the combination of , 
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aSrlform bbdies either with solids, with liquids, or with each other; and in preserving 
combiuations, which have been already formed, under circumstances tending to disunite 
them. Chalk, for example, is a compound of lime and carbonic acid ; and these bodies, 
by the simple applicatimi of an intense heat, are separable &om each other ; but,* under 
strong pressure, a heat ^ay be applied suflciont to zEclt tho chalk,* withoi^ expelling 
tho carbonic acid. 

Such are the qiost important circuniAtances that modify the Exertion of chemical 
affinity. Of Iheir influence, sufficient illustrations have been giren to iprovc, that in 
no ease of combination and decomposition are we to consider the*' force of affinity 
abstractedly, but are to take into account the agency of other powers^, sJ cohesion, 
quantity, insolubility, elasticity, cfllorcsccnce, and temperature, ffiut wd cannot con- 
cede to BerthoUet that these accessary forces arc, of themselves, suflicient to explain 
all the phenomena to which ho has applied them ; for no ono can doqbt that chemical 
decobapositions and copibinations arc, in a* great majority of cases, produced indepen- 
dentljr of those accessary forcce, anl are due to the different degrees of affinity inherent 
in the heterogeneous particles of bodies. Still less can the principles of Bcrtliollet be 
I admitted, to account for the uniformity of proportions flf which bodies combine ; for, 

I besides that the cause assigned is inadequate to tjie effect, we And in the atomic theory' 
i a far more satisfactory explanation of the union of bodies in definite and in multiple 
I proportions. That the theory of Bci-thollet is of much more limited ax>plIcation than 
, he supposed, will appear also from the following considerations. i, 

I 1. It has been shown by Professor <?faff, of lucll (77 Ann. de Cliim. p. 259), 

I that, in various cases, where two acids arc brought into contact with ono base, the base 
I unites with one acid, to the complete exclusion of tho other. When, for example, to a 
I given weight of lime, quantities of sulphuric and tartaric acids are added, either of wliich 
I Y^uld exactly neutralise the lime, the sulphuric acid unites with tho lime to tho entire 
I exclusion of the tartaric. Similar cyidcnce of a superior affinity of the sulphuric acid, 

I over that of the oxalic, obtained by placing those acid^iu contact with as much oxide 
; of lead as would exactly saturate either of them. *Xow, in these instances, and in a 
I multiplicity of others of the same kind, we cannot explain the effect by the extraneous 
force of cohesion,, which, judging from tho degree of^ insolubility, is greater in the 
original than in the new compounc^ and can ther^ore^iavc had no share in the pro- 
duction of the latter. 

^ 2. Some of the •cases, which have been before quoted from* BerthoUet, to diow 

the reciprocal displacement of two bodies by^ach other from a third, are most probably 
examples, not of sinffle elective affinity, in which three bodies only are concerned ; 
but of complex affinity, in which the attractions of four bodies are brought into action. 
In the first case, for cxaiTiplc, there is rdhson to believe that sulphuric acid is displaced 
from baryta, not by pure potassa, but by j)otassa which has absorbed carbonic acidih>m 
tho atmosphere. 

3. In other cases, the considcratifu of the affinities of two bodies, A and B, for 
a third, C, is complicated with this circumstance, that the neutral c<Supound of A and 
B has an affinity for a farther proportion ofono of its ingredients. If, then, C be brought 
into contact >vith the compound A B, wo may have, acting at tho same moment, 
the affinity of 0 for A, which partly decomposes the compound A B ; and the affinity 
of tho undccomposed part of A B for an additional i>ortion of B. For instance, when 
nitric acid acts on sulphate of potassa, some nitrate of potassa u formed ; and tho 
lulpburic acid, which is sot at liberty, uniting with the undccomposed sulphate of 
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potftssa, composes a new salt, consisting of sulphate of potassa with an additio^ pro- 
portion of sulphuric acid. 

4. It is a strong objection to the theory of* Uertholtet that, in some casts, 
decop4>ositions happen, whifih, according to his views, ought not to take place ; and 
that in others dcccnnpositions do fiot ensue, which the theory would have Ipd us to have 
anticipated. 

5. The thcor^ i^ objcctionabk, inasnyich as, in several instances, forces ore 

supposed to operate, before the bodies exist to which those forces are attributed. It is 
inconceivable, foi^instancc, that the cohesion, or insolubility, of sulphate of baryta, can 
have any ^ar^ in producing the decomposition of sulphate of potassa by that earth ; 
for the insol&bilityt)f sulphate of baryta can have no agency till that compound is 
formed, which is the very effect to be explained. • I 

] Notwithstanding these objections to the theory of Bcrthollet, when carried so far as ; 

' has been done by its author, *in the explanation of chemical phenomena, it must stfll bo ' 

1 admitted that the extraneous forcc§, pointed out bystha^ acute philosopher, have some 
; influence in modifying the effects of chemical affinit}'. But these foiecs ait entitled i 
I enly to be considered as scc^hdary causes, and not as determining combinations ov ; 

I decompositions, nor os regulating the proportions in which bodies unite, independently | 

I of the superior force of chemical affinity. I 

{ Forces of Affinity. — The affinities of one body for a number of others are not ; 

I all of thfi same degree of force. This is all that the i>rescut state of our knowledge | 

1 authorises us to affirm ; for wo arc ignoraxfl; hoiv much the affinity of one body for 
: another is superior to that of a third. The determination of the precise forces of !* 
‘ affinity would be an important step in cbcmical philosophy: for its phenomena i 
! might then be reduced to calculation ; and wc^ should be enabled to anticipate the i 
results of experiment. That the force of chemical affinity must be prodigiously' 

I great, is evident from its elicct in preserving the combination of water with sonu' j 
i bodies (tlie alltalics for instance) when cxjjoscd to a violenj heat, notwithstanding ; 

■ its great expansive force, and thohgh water is not essential to the constitution of ! 

, those bodies. ! 

The observed order of deco^iposition, it has already been stated, does not enable us | 
to assign the order of the forcc% of ^affinity; becai^o, in many decompositions, extra- 
neous forces arc concerned. Other methods of detennining the problem have thcrcfoix^ 
been attempted. * 

When the surface of one body is brought into contact with another surface of thc^ 

; same kind, as when the smooth surfaces of a divided leaden bullet ore pressed together, 
i they adhere by the force of cohesion, their particles being all of the same kind. Bu: 
when the surfaces of diiferent bodies aro thu8l>rought into a^iparent contact, it seemed ; 
to Guyton reasonable to suppose that their adhesion ai*osc ii’om chemical affinity, i 
because their particles were of difierent kinds. He proposed, therefore, the comparative 
I force, with which diiferent surfaces adhere, as a measure of chemical affinity. His 
I experiments werc^nade on plates of diflbrent metals, of precisely the same size and 
; form, suspended by their centres from the arm of a sensible balance. The lower . ; 

I surfaces of theso plates were successively brought into contact with mercury, j 
which was changed for each experiment, and the weight was observed, which it 
was necessary to add to the opposite scale, in order to detach the several metals. 
Those which required the largest weight wero interred to have the greatest 
affinity; and it is remarkable that the order of affinities, as determined in this 
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iray, correspond with the affinities as a^ertained by other methods. The following 
w^e the results : — 


^Id adhered to mercury 


Zinc 

. 204 grains. 

with a force of 

446 grains. 

Copper . 

! 142 

Silver , . . . 

429 

Antimony 

. 126 

Tin . «. . . 

418 

Iron . 

\ 115 

Lead .... 

397 

Cobalt . 

. ‘‘8 

Bismuth 

• 

372 




This method, it must bo obvious, is of too limited application to*bc of much utility , i 
for few bodies havo the mechanical conditions which enable us to subject them to such 
a test. 6ow, for example, could the affinities of acids for alkalies be examined on this 
pri|\ciple ? It may bordoubted also, whether, in the cases to which it may be applied, | 
it does not measure facility of ^combination rather than the actual strength of affinity. | 
To determine accurately the relative forces of affinity which a body (A) of one class I 
exerts towards a number of others (X Y Z) of a different class, and to express them b} ! 
numbers, Mr. Kirwan proposed the quantities of the latter which arc required to ' 
produce neutralization. With this view, he made numerous experiments ; but as their ! 
results have been shown to be inaccurate, 1 shall employ, in explaining the principle of i 
his method, the more correct numbers which have been since ascertained by other j 
chemists. ' 


40 Parts of 


48 Parte of 

8VI.PHUE1C Acid 


POTASHA 

require for Neutralization 


require 

76 parts of baryta. 

^ ^ 

54 ports of nitric acid. 

52 ** of strontia. 

44 

« of carbonic acid. 

48 ** of potassa. 

40 

of sulpburic acid. 

32 of soda. 

66 

“ of hydrochloric acid. 

28 “ of lime. 



20 ** of magnesia. 



17 “ of ammonia. 




In judging of the affinities of the same acid for different bases, Mr. Kirwan assumed 
• that they arc represehted by the numbers' indicating the quantities of each base required 
for neutralization. Thus, because 40 parts cf sulphuric acid neutralize 76 of baryta 
and 48 of potassa, he concluded the affinity of the former to that of the latter to be in 
the proportion of 76 to 48. So far the inference corresponds with the order of decom- 
position ; baryta, for example, takes su^huric acid froffi potassa. But even in this 
case, we are no{ entitled to conclude that these numbers express accurately the relative 
affinities of different bases for the same acid. And if we apply the rule to the numbers 
in the second column, we shall find it t6 fail entirely ; for both nitric and carbonic acids 
are separated fxt>m potassa by sulphuric acid, although the capacity of saturation in the 
latter is expressed by the lowest number.^ Mr. Kirwan was, therefore, driven to the 
necessity of establishing a precisely opposite rule in determining the affinities of 
diffeient acids for the same base, and of assuming that they arc inversely proportionate 
to the quantities of the saturating acid. Thus the affinity of nitric acid for potassa 
would be represented by 40, and that of sulphuric acid by 54. This, however, involves 
a contradictioB ; since it is implied that in one set of cases a greater quantity of the 
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saturating principle indicates a stronger affinity, and that in the other a less quantity 
implies a stronger affinity. 

Since neutralization is an effect of chemical affinity, which' must in all cases bear a 
propoition to its cause, it was argued by BerthoUet that the substance which, in the 
smallest quantity, neutralizes anotlier, is the one possessing the greatest affinity. Thus, 
because 17 parts of ammonia go as far in neutralizing a given weight of any acid as 78 
of baryta, he concluded that the reldtive affinities of ammonia and baryta for adds are 
inversely as those numbers. That ammonia is expelled from all acids by baryta, he 
explains by the action of an extraneous force (elasticity) which exists in ammonia, and 
turns the balance in favour of the fixed bases. But ^is explanation is liable to an 
obvious objection ; for, as the elasticity of ammonia is suppressed by combination with 
i sulphuric acid, what (it may be asked) but a stronger affinity for that acid, mating in 
I all the substances standing above ammonia in the Table, can determine the first ^om- 
I mencement of decomposition ? 

I It is sufficient to have given this brief view of '^tho^cthods employed to er^reas 
I numerically the forces of affinities, to show that the problem has not yet been solved ; 

I that they cannot be appreciated by the adhesion of surfaces ; and that they are not 
j denoted by those equivalent numbers, or atomic weights, that have been deduced from 
I the proportions in which bodies combine. 

I Of Gomples Affinity* — Under the more general name of complex affinity^ Bcr- 
! tlioUet iiicludcs all those cases of decomposition which have hitherto been considered as 
I produced by the action of four affinities, commonly denominated double elective affinity. 
j It frequently happens that the compound of two bodies cannot bo destroyed either by a 
I third or a fourth separately applied ; but if the third and fourth be combinod, and 
placed in contact with the former compound, a decomposition or exchange of principles 
I will ensue. Thus, when lime water is added to a solution of the sulphate of soda,' no 
i decomposition happens, becauso the sulphuric acid attracts soda more strongly than it 
I attracts lime. If nitric acid 'be applied to the same compouiSd, its principles remain 
; undisturbed, bccauso the sulphuric acid attracts soda more strongly than the nitric. 
But if the lime and nitric acid, previously combined, be mixed with the sulphate of 
soda, a double decomposition is effected. The iime, qiiitting tho nitric acid, unites 
with the sulphuric ; and the soda, licing separatedTrom the sulpliuric acid, combines 
with the nitric. Thgsc decompositions are rendered more intelligible by the following 
kind of diagram, suggested by Bergman, the form of which may be readily modified, so 
as to adapt it to more complicated cases. A more convenient method, however, of indi- 
cating chemical decompositions is the one given at page 30. 

Nitrate of Soda 86 


Nitrate of 
Lime 82 


Sulphate of lime 68 

On the outside of the vertical brackets are placed the original compounda ; and 
above and below the diagram, the new compounds. Tho upper line, ’being atraight, 


r 


Sulphate of 
Soda 72^ 


Sulphuric acid 40 Nitric acid d4 


Soda 32 


Lime 28 






6 ^ 


iadiefttes that the nitrate of soda remains |n solution ; and the middle of the lower line, 
b^g directed downwar^^, that tbs sulphate of lime is precipitated. 

The figures, which form part of the diagram, are the^e(][uiYalcnt numbers ^f the 
original and newly-formed compounds, as well as of |hcir proximate elements. Thus, 
by mingling 72 parts /)f<* sulphate of soda, consisting of 32 soda and 40 sulphuric acid, 
with 82 of nitrate of limc^ = 54 nitric acid and 28 lime, the product) arc 68 of sulphate 
of lime (28 base -f- 40 acid), and 86 nitrate of soda (32 base -4- 54 acid). When the 
original compounds are, as in tliis instance, perfectly neutral, the ncy products will be 
found equally so. This general fact, first noticed by Wenzel, is a consequoice of the 
law of combination in definite proportions ; for, under all circunjjstanch?, equivalent 
Quantities of acids and baScs, whether directly united or mutually transferred, as in the 
above instance, must exactly neutralize each other. 


Nitrate of soda 86 


Sulphate of soda ' 


' Sulphuric acid 40 n 


/ Nitric acid 54 

Nitrate of lime 82 

i liimo 28 ^ Sulphate of lime v„68 

To the affinities tending to produce decomposition Mr. Kirwan gave the name of 
dioollent (rffinitieSf and to those presciving the original compounds that of quiescent 
affinities. These he attempted to express by numbers, so chosen as to enable him to 
anticipate the results of experiment. It is sufficient to observe, that, for reasons which 
Lhave already stated, this attempt entirely failed. We may still, however, retain the 
expressions divellent and quiescent^ as a convenient mode of speaking of a certain class 
of chemical dccompositifhs. Over these phenomena, tlie extraneous causes, pointed 
out by Bcrthollet, appear also to have considerable influence. That of quantity is 
shown by the fact, that if two salts he mixed together in certain proportions, decompo- 
sition will ensue ; but not if mixed other proportions. Thus, from the mingled 
spltltions of two partf of hydrochlofatc of lime and onfe of nitrate of potassa, we obtain 
hydrochlorato of potassa ; but not from equal weights of the two s^ts. Insolubility, or 
fprccipitation, has also a considerable influence on the result. When this occurs, the 
influence of quantity is destroyed, as in thecaSo of sulphate of potassa and hydrochlorato 
of baryta. Elasticity, and an increased temperature (which operates by increasing 
elasticity), and the reverse of this, or greatly diminished temperature, have also a 
powerful influence in promoting the action of complex affinities. Thus of four principles, 
two of which are volatile and two fixed, the two which arc volatile will be most dis- 
posed to unite together at a high temperature, even though, under other circumstances, 
they may take a different order of arrangement. Thus, at common|J:empcratares, cai'- 
bonate of ammonia decomposes sulphate of lime; but if a mixture of sulphate of 
ammonia and carbonate of lime be heated, obtain carbonate of ammonia and sulphate 
of lime. The nature of the fluid, in which salts are dissolved, has also an important 
influence on their tendency to mutual decomposition (Ann. do Chim. et de Phys. 
iv. 366). 

Other ezeeptioha to the laws of affinity, affiaoting double as wdll as single deempo- 
8ilis&8» have beok daned together, under the name of reciproeai affinity. They occur 
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cliiefly in tho mutual action of soluble carbonates and insoluble salts on each other, and 
are limited to those cases in which an insoluble com];ound is one of the products. * F^r 
example, carbonate of potasf^a and sulphate of baryta, in quantities denoted by their 
atomic numbers, when long boiled together with water, form carbonate of baryta and 
sulphate of potassa. Thus, ' , 

^ ' /Potasfia48 ^ ^^ulphate ofpotassa 58 

Carbonatqof potassa 7o) / 

' Carbonic acid 22 y/ 

Sulphuric acid 40 ^ 

Sulphate of baryta 116 | \ i 

’ •(Baryta 76 _ \Carbonato of baryta 08 

9 . O 

But if we reverse the experiment, and digest ^together equivalent quantity of 
sulphate of potossa and carbonate of baryta, we have still a mutual exchangcT of acid^ 
and bases, as follows : — 

Baryta 76 --^Sulphate of baryta 116 

Carbonate of baryta 08 

' Carbonic acid 22 . / ' 


— ^Carbonate of baryta 08 


f Sulphuric acid 40' 

Potassa 48 

Now, the results of the latter experiment would appear, on first view, quite incour 
aistent with the order of affinities established by the former. But when the facts arc 
closely examined, it will be fotind tl^at in neither case is the 'exchange of principles 
complete ; for in both the decomposition ceases as soon as tho newly-formed compounds | 
have acquired a certain proportion to tho original ones and to each other. In the case | 
exhibited by tho first diagram, '4ho alkaline energy of tho soluble carbonate gradually j 
becomes less as its quantity diminishes, and as tho solution approaches nearer and j 
nearer to ncutralizajtion. In tho second case, the decomposition cannot bo carried 
boyond that point at which the carbonate of haiyta and sulphate of potassa, remaining » j 
undccomposcd, are in certain proportions 'to each other. These facts have been care- 
fully investigated and ingeniously explained by Dulong, at greater length than would 
he consistent with the objects of this work*. J refer, therefore, to his Memoir in the 
82nd vol. of the Annales de Chimie, which has been translated into the 35th and .^6th 
vol, of Nicholson’s 8vo Journal, and published in an abridged form in tho 41st vol. of 
the Philosophical Magasinc. 

Experiment XlluBtxitions.— For these experiments, a few wine-glasses, or, 
in preference, deep ale-glasses, will he required ; and a Florence flask for performing 
the solutions. 

I. Some bodies appear to ham m affinity for each other . — Oil and water, mercury and 
water, or powdered chalk and water, when shaken together in a vial, do not .combine, 
the oil or water always rising to the surface, and tiie mercury or chalk sinking to the 
bottoim. 

il. MaeampUaof diimM effinitpy and Us most wmpU offiset^ seltfliVfik-^Sugar or 
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common salt disappears or dissolves in water ; clialk in dilute hydrochloric acid. Sugar 
and salt ore therefore said to be 8(^ubh in water, and chalk in hydrochloric acid. The 
liquid, in which the solid disappears, is termed a Bolvent or menstruum. Chalk or sand, 
on the contrary, when mixed with water by agitation, always subsides again, ^enue 
they are said to be injjohble. 

III. Influence of taeckwical divi&ien in promoting ilie action of elipnical affinity, or in 
, favouring aolutiom — ^Lumps of chalk or mai ble dissol7C much more slowly in dilute hydro- 
chloric acid than equal weights of the same bodies in powder. HydrochlOrate of lime, or 

j nitrate of ^mmonia, cast, after liquefaction by heat, into the shape oi a sol}^ sphere, is 
1 very slowly dissolved; butwithgreatrapidity wheninthe state of apowdei or of crystals. 

^ When a lump of the Derbyshire spar (fluoride of calcium) is immersed in concentrated 
I RulpburiQ acid, scarcely any action of the two substances on each other takes place ; 

) but fif the stone be finely pulverized, and then mingled with the acid, a violent action is 
manifested, by the copious escape of vapours of hydrofluoric acid. In the common arts 
of lif'}, the rasping and grinding of wood and other substances are familiar examples. 

IV. JTot liquids, generally speaking, are more powerful solvents than cold ones . — ^To 

four ounce-measures of water, at the temperature of the atmosphere, add three ouncco 
of sulphate of soda in powder. Only part of the salt will be dissolved, even after being 
agitated some time. Apply heat, and the whole of the salt will disappear. When the 
liquor cools, a portion of salt will separate again in a regular form, or in crystals. This 
last appearance affords an instance of crystallization. • 

To this law, however, there are several exceptions ; for many salts, among which | 
is chloride of sodium, or common salt, are equally, or almost equally, soluble in cold 
as in hot water. Hence, a hot and saturated solution of chloride of sodium does not, 
like the sulphate, deposit crystals on cooling. To obtain crystals of the chloride, and 
of other salts which observe a similar law as to solubility, it is necessary to evaporate 
a portion of the water'; and the salt will then be deposited, even while the liquor 
remains hot. In genertir!, the more slow the cooliqg, or e^nporation, of saline solutions, 
the larger and more regular arc the crystals. 

V. A very minute division of bodies is effected by solution. — Dissolve two grains of 
sulphate of iron in a quart of watery and add a few d&'ops of this solution to a wine- 
glassful of water, in^o which a fe^ drops of tinctEiro bf galls have been stirred. The 
dilute infusion of ga^ will speedily assume a purplish hue. T|Li8 shows that every 

^drop of the quart of water, in which the sulphate of iron was dissolved, contains a 
notable portion of the salt. 

VI. Some bodies dissolve much mors readily and copiously than otiwrs. — ^Thus, an ounce- 
measure of distilled wate^ will dissolve ^alf its weight of sulphate of ammonia, one- 
third its weighty of sulphate of soda, one-sixteenth of sulphate of potassa, and only 
one five-hundredth its weight of sulphate of lime. 

VII. Mechanical agitation facilitates solution.-~ljiio a wine-glassful of water, tinged 
j blue, with the inflision of litmus, let fofl a small lump of solid tartar;^ acid. The acid, 

; if left at rest, even during some hours, will only change to red that portion of the 

infusion which is in immediate contact with it. Btir the liquor, and the whole will 
immediately become red. 

VIII. Bodies do not acton each other, unless eOher one or both be in a state of solution, 
or at least contain water. Mix some dry tartaric acid with dry bi-carbonate of soda, 
and grind them together in a mortar. Ho combination will ensue till water is added ; 
which, acting the part of a solvent, promotes the union of the acid and alkali, as 
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appears from a violent effervescence. It has •been shown by Link, that the water of 
crystallization, existing in certain salts, acts as free water in occasioning diemicil 
action.^ For example, acetate of lead and sulphate of copper, both in crystals, be- 
come green when triturated together, a proof of the mutual decomposition of those 
two salts. * 

2. Spread thinl^^ on a piece of t^oil, three or four inches^quare, some dry nitrate 
of copper,* and wrap it up. No effect will follow. Unfold the tin&il, and, having 
sprinHed the nitrate of copper with the smallest possible quantity of water, wrap the 
tinfoil up again as quickly as possible, pressing down the edges closely. Comsiderable 
heat, attendci^ witl; fumes, will now be excited ; and, if the experiment has been 
dexterously manage^ even light will be evolved. This shows that nitrate of copper , 
has no action on tin, unless in a state of solution. 

IX. Bodiesy wen when in et state of solutv^y do not act on each other at percep^hle 
distances ; in other words, contiguity is essential to tJio action of chemical ^affinity.— 
Thus, when two fluids of different specifle gravities, and which have a strong affinty 
for each other, are separated a thin stratum of a third, which exerts no remarkable 
action on either, no combination ensues between the uppermost and lowest stratum. 
Into a glass jar, or deep ale-glass, pour two ounce-measures of a solution of subcar- 
bonate of potassa, containing, in that quantity, two drachms of common salt of tartar. 
Under this introduce, very carefully, half an ounce-measure of water, holding in 
solution a* drachm of common salt ; and agam, under both these, two ounce-measures 
of sulphuric acid, which has been diluted with an equal weight of water, and allowed 
to become cooL The introduction of a second and third liquid, beneath the first, is 
best effected by filling, with the liquid to be introduced, the dropping tube, 
which may be done by the action of the mouth. The finger ; is then pressed 
on the upper orifice of the tube ; and the lower orifice being brought to the bottom of* 
the vessel containing the liquid, the finger is withdrawn, and the liquid descends 
from the tube, without mingling with the upper stratum. * When a solution of 
carbonate of potassa is thus separated from diluted sulphuric acid, for which it has 
a powerful affinity, by the intervention of a thin stratum of brine, the two fluids 
will remain distinct and inefficient on each othef; Jbut, on stirring the mixture, a i 
violent effervescence ensues, in cons^uence of the action of thd* sulphuric acid on 
the potassa. 

X. Two hodiesy having no affinity for each other y vnne oy the intervention of a third , — 
Thus, the oil and water Which, in Experiment I., could not, by agitation, be brought into 
union, unite immediately on adding a solution of caustic potassa. The alkali, in this case, 
acts as an intermedium. The fact, however,' admits of being explained by the supposi- 
tion, that the oil and alkali form, in the first instance, a compound which is soluble 
in water. 

XI. Saturation and neutralization Uktsiraied, — ^JTater, after having taken upas much 
common salt as it ctM. dissolve, is said to be saturated with salt. Hydrochloric acid, when 
it has ceased to act any longer on lime, is sai(| to be neutralisody as is also the lime. 

\ XII. The properties characterizing hodieoy when separatSy are destroyed by chemical com- 
hinatimy and new properties appear in the compound, — ^Thus hydrochloric acid and limei 
which in a separate state have each a most corrosive taste, lose this entirely when 

• To prepare nitrate of copper, dlssolTe the filings or turnings of that metal in a mixture of one 
part nitric acid and three parts water; decant the liquor when it has ceased to emit fhmes; and 
evaporate it to dryness, in a copper or earthen dish. The dry mass must he kept in a battle. 
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mutually saturated; the compound is ectremely aduble, though lime itself is very 
difficult of solution ; the acid Ao longer reddens syrup of violets, nor does the lime 
change it, as before, to green. The resulting compound^ also, hydrochlorate ef lime, 
exhibits new properties. It has an intensely bitter taste ; is susceptible of a crystallized 
form ; and the crystJs) when mixed with snow or ice, generate a de^c of cold suffi- 
cient to freeze qmcksilver. . ^ ^ 

XIII. Single eleetwe affinity illustrated. — ^1. Add to the combination of oil with 
alkali, formed in Experiment X., a little diluted sulphuric acid. The acid will seize 
th^ alkal^ and set the oil at liberty, which will rise to the top. In this instance, the 
afl^ty of alkali for acid is greater than that of alkali for oil. 2.' To a dilute solution 
of hydrochlorate of lime (prepared in Experiment II.), add a little of the solution of 
pure pdtassa. The potassa will seize the hydrochloric acid, and the lime will fall 
dottn, or be precipitated. r ■ 

* XIV. In some insiancesy iff^cotnparing the affinities of two bodies for a thirdy a maker 
affimtyy '‘in one of the tm comparedy will be found to be compensated by increasing its 
quantity. — It is not easy to offer clear and unequivocal ^'examples of this law, and such 
as fhe student may submit to the test of experiment. The following, however, may 
illustrate the'proposition sufficiently : — Mingle together, in a mortar^ one part of chloride 
of sodium (common salt) with half a part of red oxide of lead (litharge, or red lead), and 
add sufficient water to form a thin paste. The oxide of lead, on examining the mixture 
after twenty-four hours, will be found n^t to have detached the hydrochloric acid from 
the soda ; for the strong taste of that alkali will not be apparent. Increase the weight 
of the oxide of lead to three or four times that of the salt ; and, after the same interval, 
the mixture will exhibit, by its taste, marks of uncombined soda. This proves that 
the larger quantity of the oxide of lead must have detached a considerable portion of 
hydrochloric acid from the soda, though the oxide has a weaker affinity for that acid 
than the soda possesscij^ 

Another ill^tration of the same general principle has been suggested by Berzelius. 
It is necessazyto premise, that the colour of the compound of sulphuric acid with 
oxide of copper is blue, and that of hydrochloric acid with the same oxide, green. To a 
saturated solution of sulphate of ocopper in watCT, add by degrees concentrated hydro- 
chloric acid. Every addition will render the colour of the liquid more distinctly green, 
showing an increased production of hydl ochlorate of copper ; thefbxide of copper being 
divided between the sulphuric and hydroc|?loric acids, in proportion to the quantity of 
each acid that is present. In a still greater number of cases, ho'^cver, a weaker affinity, 
in one of two bodies compared, cannot be compensated by increasing its quantity. No 
quantity of tartaric acid, for example, ^hat can be employed, will be found to ^slodge 
Bulphurto acidsfrom sulphate of lime. 

XV. Double eUetive affinity exemplijied.^ln, a watery solution of sulphate of zinc, 
immerse a thin sheet of lead ; the lead will remain unaltered, "as also will the sulphate 
of zino, because zinc attracts sulphuric acid more strongly thidi lead. But let a 
solution of acetate of lead be mixed with one of sulphate of zinc ; the lead will then go 
over to the sulphuric acid, while the zinc passes to the acetic. The sulphate of lead, 
being insoluble, will fall down in tiie state of a white powder ; but the acetate of zinc 
will remain in solution. 
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CttSlMISTRY OF THE IMPONDERABLE 

Under tMe term are luntally inoluded^ Hglit, heat, aotinistn, aiid eleetridiiyi ft plan 
which, in deference to common lieage, I ihall ad(^. Probably) Jiowever, U lnight be 
more conaonant Wit^ onr information to eltend the definition i% such a manner as to in- 
clude the oanses, whateW they may*bo, of gravitation, cohesion, and themioal affinity. 

It is a ]^eAing subject fbr contemplation that, although the facte of science are 
ever acounyilatinj, yet each new fact serres as a neaus for binding together systems 
previously di^eonnected. There is a continual tendency to lessen the number of first 
causes — a contiuuar tendency to refer manifold results to the operation of fewer 
great agencies or forces. In this way, viewing the numerous coxtelatibns subsisting* 
between magnetiism and electricity, it is scarcely permitted to doubt to pro- 
priety of referring tom to the common ^operation of one agent. The analogaus 
manifestations of heat and light again render exceeding]^ probable &e hypoti^esiesthat 
these fbnetions arc referable^ ^o modified operations of the same principle ; and to 
correlations, striking and numerous, subsisting between heat and light on the one hand, 
and magnetism and electricity on the other, render the nexus of the imponderable 
agents complete. Passing beyond the limits of this series, thei'C has been discovered 
by Faraday a striking relation between electricity and chemical affinity ; and numerous 
lihilosoplfbrs have felt thcmselvofl justified assuming a correlation to exist between 
the functions of cohesion, chemical attraction, and gravitation : hence, it seems not 
improbable that the numerous imponderable forces affecting matter may hereafter be 
refcrit»d to one operative oauso. ^ 

lilght^-^This, as well as the remaining imponderable agents, admits of two distinct 
kinds of study* We may study it in essence, and in action. Thus, the essence, or condl-* 
tion of light, has been variously appreciated by different philosophers, ancient dnd 
modern ; some regarding it ad a sujitle, attenuated matter, to'whieh, for want of a 
better name, the term ether has been applied ; others, os a series of continuous emissions 
of certain particles, which, by impinging on the retina of the eye, give rise to the im- 
pression of lumino.sity ; others, amongst the ancients, as a seri^ of emissions from the eye 
itself ; and yet another class, bclltvi%, with Frofesdor (Ersted, that light consists of a 
series of electric sparest Such are the chief of the various hypoth<jpes which have been I 
entertained as to the nature of light. -Many, if not nU of them, involve propositions 
Which may be studied 'frith advantage ; biA the opinion of philosophers is now divided 
between two— the cdrpuscular or emissary theory, and the undulatory or ethereal. 

As regards its action, light may be studied prith reference ^o its effects. It may be 
Contemplated as a mere optical agent. Its fundamental properties of rejection, refrac- 
tion, and polarisation,— its effects denominated c/iemtcal,— its velocity of transmission,— 
all may be discussed without necessarily ad^ting any hypothesis concerning its 
essence or nature ; filthoiigh, as will be found hereafter, ^c adoption of an hypothesis 
frequently renders these phenomena more easy of comprehension. There was formerly 
a prolonged discussion on to question, WlfoCher light he or he not material. This 
discussion has for some time been allowed to rest. Veiy little consideration suffices to 
make known, that the appreciation of the term matter will depend upon our definition 
cf It} hence, according as the definition be more narrower more extended, so will 
light be regarded as a material, or a non-material agent. Astronomical investigations 
I enable us to judge with great , accuracy concerning the velocity with which light 
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travels trough space, being about 192,000 miles in a second of time — ^a rapidity 
which, although inconceivable fn our comprehension, is, nevertheless, exceeded by 
the vdocity of electricity passing through a copper wire. 

The astronomical data on which the velocity of light is calculated are of two 
kinds; the first beiaygrfuniished by observations on* the eclipses of ^Piter’s sateUites, 
the second by observations on the aberration of light. The eclipses ‘of Jupiter’s 
satdlites fuxni^ the information required, as fi^ws The time when each particular 
eclipse occurs is accurately known by astronomical investigation ; the'time when such 
an edlipse is seen to occur is a matter of observation. Now, the diafiieter qf the earth’s 
orbit being 190,000,000 miles, it is evident that our planet is at one tio^e 190,000,000 
miles nearer to Jupiter than at another ; hence, the visual announcement of an eclipse 
* of one qf Jupiter’s satellites must, at one period of the earth’s revolution — i ,e.y when the 
ea^ is furthest removed-— pass through a space 190,000,000 miles greater than when 
the earth is nearest. Now the time light occupies in passing through this length of space' 
— e., 190,000, OOt) miles (beihg the length of the earth’s diameter) — is about 16 minutes 
26 seconds ; which gives for the velocity of the passage qf light, about 192,000 miles per 
second. This degree of velocity accords very nearly with that deducible from the pbj- 
nomenon of the aberration of light, which may be thus explained : — ^Luminous objects 
are rendered visible to us by means of light proceeding from them, and acting in straight 
lines ; and the position in space which luminous bodies appear to occupy, is determined 
by the direction of these lines or rays of light. « 

As regards celestial luminous object, our position is continiially altering with 
relation to them; partly, on account of their own motion, but more especially on 
account of the progressive movement of the earth in its orbit. Now, if light were 
diffused through space, from any celestial luminous point to the eye, without occupying 
•time, then it follows we should see celestial objects in their real positions for any 
given time. We do not, however, see them in their real positions, but in positions 
occupied by thorn at liertain anterior periods, proportionate to the time which light 
had occupied in travelling from them to the sentient eye. Hence, knowing the real 
position of a heavenly body at any particular period, and the space the observer travels 
over in the same time, we have elements for calculatiug the velocity of light. 

For instance, iivthe accompanying diagram l«t /be a lumious body in space, a OjOd 

portions of the earth’s orbi^^ travelled over by the 
observer in some equal time, a second for example. 
Let /of/o, /d indicate th|L direction of luminous 
rays. It will now follow that if light occupy no 
time in travelling, the luminous object / will 
always be seen in its true position for each time 
of observation, notwithstanding any progressive 
motion of the observer. If, on the contrary, light 
o^upy time in travelling, th^ it will follow that 
the observer’s eye, moving in the direction of a d, 
will mever see the luminous body /, by virtue of 
^ the luminosity emanating at the period of obser- 
^ vation ; but by virtue of luminosity which eman- 
ated at some antecedent period, and the direction 
or angular position in space of luminous objects 
is indicated by luminous rays, it follows that I can never be seen by an observer 
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in motion in its true position. When the q})scryor’s eye is at I will not appear 
in its real position — u e. a position indicated hy tho»directio]^ line I a — ^but in son^e 
anteceijent position not rcpi^sentcd in the diagram. When the observer had arrived 
at Oy 'the apparent position of would not be indicated by the direction line loy 
but in ond corfesponding with, f . e. paralld to ^ o', and iodigated by the dotted 
line 0 p. Now, the^dii^tance of a luminous object being known, also its real position | 
and its apparent position, we have t£c elements furnished for calculating the velocity 
ofU^t. • ^ 

In discussing the ordinary optical properties of light, I shall commeneg with the 
enunciation of*a few primary laws. 

Definition, A ray of light is a rectilinear agency of the luminotts essence for any given 
transparent medium — ^This definition is equivalent with the ordinary expression that* 
light travels in Straight lin^s, to the extent that the expression itself is cornet. 
Without a limitation, however, as introduced in the definition, the common expression 
is incorrect ; the property of travelling or acting in straight lines existing only for an 
unchanging transparent med^m* 

* Law 1. — ^The intensity of light varies in an inverse ratio to the square of the distance. 



That is to say, if the numbers 1 2 3 4 represent four distances fi:om a luminous 
object, then the intensity of light at 2 will only be ^th its intensity at 1 ; at 3, ^th ; 
and at 4, ^th. This can be«readily illustratejl in the following manner. Let a 
represent a luminous body, 1 an epaq^io screen, haviag determinate^quare dimensions— 
for instance, one foo^2 3 4 other opaque screens, having respectively the dimensions 
of 4, 9, and 16 feet ; then at 1, the one-foot screen will intercept all the light at 2, the i 
four-feet square ; and |o on for the rest. 

Law 2.— A ray of incident light being reflected from any polished surface, the 
incident and reflected rays are in the same pltmc. Thus, let mi p ^ 

represent a reflective plane, d an incident ray, n a reflected*ray, /n 

and » the point of impaMt';; then the rays d and n lie in the \ / 

same plane; or, so far as the .annexed diagram is concerned, in \ / 

the plane of this p|per. \ / 

Law 3. — A reflected ray of light makes equal angles with the \ / 

incident ray. Thus, in the preceding diagrsftn, where d i represents ‘ 

the incident ray, impinging at % and reflected at m, the ray d i * P 

makes an angle with a line h i, perpendicular to the reflecting plane m ipy equal to the 
one made by the reflected ray t n. 

Law 4.— When a ray of light passes fh>m one transparent medium into another of 
greater density, it is refracted in a direction towards a perpendicular to the plane of 
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tbe reiraoting surfaco ; when from a trui^sparcnt medium of greater into one of lesser 

r*^’ “I ^density, jt is refracted from the perpendicular to the plane of 

; \ I the refracting suifaco. ^ ^ 

I \ j Thus, let the upper dotted rectangular space stand for a 

j }ii|||i|Brri|ir-- Hill 1 7 1 1| I i *'- ^efr’^fttive medium of atmospheric air, the "lower dotted area 

I (for the same, and the middle rootangl^ for a transparent 

I refractive meditau, such fis glass. Let r stand for a ray of 

I ^ " ' ! light, taking the direction of r t d d. On infection, it will 

; A i he found that on entering the glass the ray ^onds Inwards the 

• \ ; i)crpendicular because glass is the denser medium. On 

1 I leaving it, it hends fr'omy and resumes ifs original course, — 

I in thia n^anner exemplifying the law. 

is owing to the law of refraction just enunciated, tljjiat an object so placed in an 
empty basin aa to be invisible to an ohsciTcr, on 
acco\i;nt of the visual ray from ft being inter- 
cepted by tl^c rim, can bo rendered visible by ^ 

filling the basin with water. The rationale of •• 

this will he made evident by the annexed diagrami ■ y 

The object is sui^posed to be a boy’s marble, and 

it would be invisible by a ray passing in the jBji|F|ijjjjlR^^ 

direction of E K, although visible by tlic same ray 

if bent in the direction of 0, as would be tic ease j 

if water were poured into the basin. 

For the same reason it is that wc never soo the heavenly bodies in their true 
position, even after the slight deviation referable to the aberration of liglit,’and, in 
certain cases, to parallax, has been allowed for. The atmosphere, far from being homo- 
geneous, coiitinually increases in rarity, as its elevation increases. Hence, the upper 
regions of the atmosphere are far more attenuated^than the lower regions ; an attenu- 
ation which, although infinitesimally gradual, may, nevertheless, for tho purpose of 
investigation, be eontemplated in the sense of diminishing by successive xones, each 
of uniform density for itself. » 

In the diagram, othree of thesb imaginary atmospheric aones are reprosented by 
dotted lines, and r / is tho bent or refracted course 
c which a ray of lighi, r, is made to take, in consc- 



queuce of tho law just enunciated. On arriving at / 

the outside zone it is refrracted a Uttle ; the second V 

zone^hesBg denser, refracts it still more; an^the ^ird, 

denser yet, effects a third and final amount of rcfraction^mahiiig the luminous body,' S, 
visible to an observer at ; where, had it not been for the refracMve atmos]^^, it 
would have been mvisihle. 

A more common Uhistratloii of the refrraetion of light unequally, by an atmosphere 
of unequal densities, ih afforded by looking at a glowing piece of metal, or a briek- 
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Triln At action, ur the cartli’s surfaco in a hot summer day. In conse^uenca of those 
portions of the atmosphere immediately surrounding these hot objects being rarified, and 
consequently diminished as to density, their refractivfc power i)T rays of light is dimi* 
nished Uso, and bodies viewed through them are not seen in their true places. They 
appear, moryover^ to be tromulous^becauso the hot currents of air rise, and cold ones 
tahe their place, thus furnishing a medium of continually varyidgarefractive power. 

The theory of lehses directly foljpws from^ the operation dt the preceding law, as 
win be recognised after inspecting the following diagram. The simplest mode of 
seeing clearly thc^rationalc of a lens consists in regarding it, firstly,^ as having its 
curves mad!& iip of as many small tangent planes as there are rays of light from a 
luminous body, — ^that is to say, an infinite number of such planes; secondly, in 
regarding these planes to be reduced, for the sake of easy comprehension, to a small , 
number. lu this diagram, the plano- 
convex lens A, has been reddeed in 
B to a conventional form, for the ^ 
sake of exemplification, ah e repre- 
sent three parallel rays of liglfl^ each 
falling on its own plane, going 
through the lens, and finally con- 
verging on the focus d. On observing the directive tendency of those rays, with 
; refcrcncc»to the perpendiculars, ee.pp, it will be seen that the law is satisfied, and that 
I the natural result of thus satisfying tho law^is the convergence of the rays ale into 
a focus. Whatever be the form of a lens, the same law holds good. 

Although the mutually variable density of a series of bodies is one cause of varia- 
tion in their respective amounts of refractive pbwer, yet it is by no moans the only 
cause. Gcne:^y, if not always, the combustible tendency of a body bears a direct 
ratio to its refractive power. Thus, long before the real nature of the diamond was 
suspected, Sir Isaac ^N^ewton advanced the hypothesis that itn^migbt he an unotnous 
substance coagulated, having bcen*led to adopt this opinion in consequence of the 
diamond’s powerfully refractive tendency. Since the time of Newton, his idea, as 
especially relating to the dian^ond, has been generalized, and is found to hold good 
without a known exception. • ' • 

Hydrogen, phosphorus, diamond, becs-wax, amber, oil of turpentme, camphor, 
linseed oil, and oliv^ oil, &c., have refractive indices, from two td seven times greater 
in compaiison with thdr density than m^t other substances. At one time this law 
failed to embrace the substance phosphorus, which was described by Dr. Wollaston os 
having a low refractive power. Sir David Brewster has since demonstzatod that^ in 
relation to its density, phosphorus has a refracJtive power twice that of hydrogen. 

The refractive indices of a scries of bodies are the ratios of the sines of their 
respective incid^t and refractive angles. This ratio, it will be observed, is compounded 
of the refractive pwer duo to a substance byivirtue of its density, and by virtue of 
another quality, ^hus, 

Let N ±= tho refractive index, or refractive power, of any substance, 

R = the portion of refractive power in suoh substance proportionate to the 
function of density, 

R’ = the portion of refractive power in such substance proportionato to the 
function of another quality, 

Then N =c R x R^ 
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But it is evident that in any series of reiractiYe substances the mutual ratio of &e B' 
in such scries may be eliminated, for 



That is to say, in any series of refractive bodies, thor ratio of refractiyo poorer not due 
to density, may be obtained by dividing the number expressing the refractive index of 
each member by its specific gravity. , ' 

Accordingly &is has been done in a great number of instances, andiwith the object 
of showing that the unknown cause of refraction spoken of above as* acting in addition 
to the cause of density may be the infiammability of a body, understandio^ m this sense 
its tendency to combine with oxygen or other electro-negative element, — ^in other 
< words, the electro-positive quality of the refractive substance. 

Law^5.— The sine of the angle of incidence and that of the angle of refraction bear 
a cAustant ratio for every refractive body cf homogeneous density. 

ChromaticB.-- liitherto Jight has been considered without reference to colour ; 
the itudy of this branch of the subject constitutes the science of Chromatics. If a 
beam of white light be made to impinge on a triangular' prism of refracting substance, 
colour is produced, owing to ‘the decomposition of white light into its components ; 
from which circumstance the deduction may be arrived^ at that white light is a com- 
pound of certain coloured lights, each possessing a given rate of refrangibility. Sir 
Isaac Newton regarded the coloured rays into which white light might thus he split as 
seven, as thus arranged, in the order or dSgroe of their refrangibility : — 

1. Ecd 3. Yellow 6. Blue 7. Violet 

2. Orange 4. Green 6. Indigo 

and, indeed, no simpler decompositiofi can be efiected by means of the unaided trian- 
gular prism. It is, however, now well established that the number of primitive colours in 
the triangular prismatic spectrum is not seven, but three — ^namely, red, yellow, and blue. 

Sphexlcal and Cl^omatic Abexxation.— Convex lenses, which are segments 
of spheres, such as the lens No. 1, and those concave lenses, which may be described as 
planes &om which spherical segments have been excavated, may be termed spherical 
lenses. Such lenses possess the defect of scattering;,, certain rays even of mono- 
chromatic light from the true theoretical focus,^and« producing an indistinct image. 
This defect is termed spherical aberration. It takes place altogether near the edges of 
^suoh lenses, and mayi therefore, be obviated by means of a curtain, or stop, aiTnilur in 
its nature to the iris of the eye, with its cezt^j:al pupil, although at the expense of a 
certain amount of illuminative power. 

In'No. 1 this spherical 
aberration is represented. 

The greater numl^er of raya 
faU, as they ought to do, on 
the theoretical focus a; 
but a few wander from that 
point to hy and constitute 
spherical aberration. It 
will be evident that a 
diaphragm, or stop, with a 
central orifice, as repre- 
sented in section by dy wiU haye the effect of cutting off these wahdeting rays. 
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llie rationale of the peculiar effect which the edges of spherioal lensed have in 
developing spherical aberration, is too purel;^ optical in its character for discussion in 
this phice. ’ ^ 

De^artes applied himself to the task of obviating spherical aberration by varying 
the form ofJensqji from sections of spheres to sections of certaii^ovals, which, from the 
name of Descartes, are termed the Cartesian ovals. He thus s]^ccc^dcd in obviating the 
defect for any one lundTof homogeneous light. In his time the cirqimstanee of the 
compound nature of white light was not known. Further experience demonstrated 
that each colour of light possessed its own refractive power ; consequently it followed 
that no lens, hawever varied as to shape, could be free from spherical abefration as 
regards white or coxhpound light ; or, more properly speaking, what would have been 
mere spherical aberration with a common spherical lens, became chromatic aberration * 
with a lens formed on the basis of a Cartesian oval. ’ 

duromatic Abenation. — Spherical Aberration, we have ^een, may take pface 
when mono-chromatic light is employed ; but chrdmatic aberration necessarily j>re- 
supposes the employment of compound or white light, and is developed like mere 
spherical aberration by the dtfect of the edges of spherical lenses on light passing 
through them. ^ 

The rationale of this agency will be easily understood on reflecting that the edges 
of a lens approach to the character of a triangular prism, the two sides of 
which adjacent to the edge have been bent into curvilinear forms. The fact, 
moreover, wiU ^be anticipated, that this kin% of aberration may be greatly obviated 
by means of a curtain, iris, or stop. Nevertheless, it is not possible by this means 
alone to render optical instruments achromatic; and had the optician no better 
method of obviating the defect than by a st^p, refracting telescopes must .have 
remained in the imperfect condition of Ihe time of Sir Isaac Newton; disjdaying, 
white objects not in their true colour, but surrounded with an iris-like fringe. Newton 
proclaimed the idea of makingiachromatic refracting telescopesf;^ be hopeless ; never- j 
theless, it has been fulflUed by a means no less simple than beautiful— the compound 
lens, the principle of which is as follows ; — 

. Different kinds of glass possess different refractive powers for the same colour of 
light. Thus, if a glass which may b^ endowed witlpthe property ^f refracting* yeUow 
and red light by one degree more than blue, be combined with another which has the 
exactly opposite property of refracting blue by one degree more %ian yellow and red, j 
then it should theoreti^fdly follow that thetfresulting action of two such glasses should 
be a perfect compensation. This indeed is found practically to be the case. Perfectly 
achromatic lenses are now formed of compound glasses placed in apposition ; and the 
achromatic telescope spoken of by the illustnous Newton sh despondingly is now 
amongst the best known and most common of optical instruments. ^ 

Before quitting the subject of spherical and chromatic aberration, it is worth while 
to reflect on the eimeeding care which nature hah taken against the occurrence of this 
defect in the eye of man and the higher animals. The provision of the iris, with its 
central oriflee, or pupil, must strike even the most careless observer as being precisely- 
analogous in its nature and functions to the stop or diaphragm of an optical instrument ; 
possessing, however, the beautiful means of adjustment which the optical instrummit 
has not, the power of enlarging or contracting its central aperture to regalsEte the 
amount of light admitted. The frinction of the iris and pupil is evident ; hut them are 
other provisions against spherical and chromatio aberration which require disseetion to 
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unfold. Not only is there ^ stop for the purpose of cutting off wandering rays,*^ but 
the cornea, the crystalline lens, and the Vitreous humour, ore none of them s^iherical 
l(Sises. Thoy are formed on the basis of ovals, in order that they may be more effectual 
in obviating spherical aberration. Nor is this all the reMctive power, for one Ikind of 
light is different in eyery one of the transparent ‘lenses and hthnours of the eye. 
Nature herself has ^t the example of compound achromatic lenses, so plainly, so 
unequivocally, that had the illustrious man who looked so despondingly on refracting 
telescopes been an anatomist ho could scarcely have failed to discover the secret of 
compound achromatic lenses. ^ 

Boubie Refraction. — The laws of ordinary or single refraction» have already 
been enunciated ; but there is also a class of phenomena termed double refraction, 
•which I shall now discuss. 

The fcrni double refraction sufficiently indicates its nature. Any object seen through 
a doubly refracting bojly in the proper direction appears double ; the ray of light being 
I split, into two, of which one takes Vhe ordinary course, or very nearly, and is therefore 
I termed the ordinary ray, whilst the other experiences a very remarkable divergence, 
not only altering its angle but its plane of ti‘ansmission,~and thus derives the name af 
extraordinary ray. 


I The subjects of double refraction and polarization (for they are intimately rmited) 
! are amongst those which, although remarkably easy in themselves, appear difficult in 
1 books, chiefly on account of the difficulty experienced in representing on a fiat paper 



j each other. This, indeed, is the only difficulty attendant on the study of double 
' refVaction and polarization, so far as all the more common phenomena ore con- 
cerned. 


, ‘ Perhaps the best medium for imprinting first ideas of the nature of double refraction 
is a rhombohcdral crystal of Iceland spar. K such a crystal be taken, and any visible 
point viewed through it** the image will bo reduplicated-<~provided the crystal be held 
in all positions but one ; which, accordingly, is termed the optic axis of the crystal, 
also (curiously enough) the axis of double refraction. It does seem extraordinary that 
the term ** axis of double re&'action’’ should have been adopted to define the linear direc- 
tion in which no dpuble refraction takes place.«. The term, however, has acquired 
the authority of usage. ^ 

• If the crystal of tcelond spar he held in such a direction that the two images of an 
object viewed through it appear, and if the firystal be caused to^rotate, then the image 
resulting &om the extraordinary ray will revolve in a circle, whilst the image of the 


ordinary ray remains fixed. By Varying the axis of the visual 

G ray, libese two images may be made to aesome various distances 
wilh regaid^to each other— distances merging into perfect coin- 
cidence when the visyd ray corresponds with the optic axis of the 
crystal, and attainifijif : the fitrthest limit of dngprgenoe when the 
visual ray is at right angles to the same. 

The next experiment which may be performed is as follows : — 

Let a sUee of ioomaline, cat parallel to the crystal’s long axis, be taken, and ibr con- 
venience mounted, by means of a little sealing-wax, on a perfisated idice of coik, in 
such a mann er that it may be rotated before tlto eye. Next set a rlnnnb of Iceland 
spar fi^ upon a pioee of paper, on which is marked a single dot at e. The dot will 
be xech^plicated (O £),<88 represented in the fiffiowing diagram. If now, the crystal 
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of Iceland spar remaining in this poaitlont the two dots be viewed through the 
monntod slice of tonxmaline, a very extraordinary 
phenomenon will bo noticed. The two dots, 
although viewed through the' same media (tho 
crystal and tOurmidiho), will appear with difierent 
amounts of distinctness. By turning round tho 
tourmaline one image will gradually fade, and 
tho other will 'grow more evident. By con- 
tinuing tho ^revolution one will at length alto- 
gether disappear, and the other will attain a 
maximum of conspicuousness. By continuing 
tho revolution the order of phenomena is reversed ; that is to say, whichever image 
was indistinct brfore will noyr grow bright, and so tho change will alternate,— tho 
same object disappearing at periods coincident with every scmi-rt^volution. 

It is quite evident, ftrom the tenour of this simple? expeiiment, that not only has, the 
Iceland spar effected the splitting of one ray into two, but that each ray has become 
endowed with certain properties, — each ray, to uso the ordinary expression, has become 
I polarized-; hence all doubly refracting substancea are also polarizing ones, although the 
I polarization of light may bo accomplished also by other means. 

I In discussing the nature of so subtle an essence as light, it frequently helps the com- 
prehensidh to illustrate certain phenomena in^ which it is involved by adopting simili- 
tudes. If, then, common or non-polarizcd light be a.s&imilatcd to two plane agencies 
acting rectangularly- to each other, as indicated by a rectangular cross some 
I consistent basis may bo formed for acquiring a l^owledgo of polarized light in its most 
[ simple relations. We have only to assume that a ray formed of these two rectangular 
I agencies, whilst permeating a doubly refracting crystal, gets split into two, and wc, 

I immediately derive a notion of the properties of dodble refraction. The reason why the 
two rays are refracted in different^ planes is immediately suggested, — and it only 
remains to frame an hypothesis accounting for the subsequent phenomena observed on 
viewing the two images through a plate of tourmaline. 

If, in regard to this tourmaline plate, we assi'me it to he endowed with a transmis- 
sive property for light, as representodumnventionally by the sul^ohied diagram (No. 1), 
thqn our first notions as to the nature of polarized light become very 
much extended. The reason will be now apparent why only one > 
objec^^ produced by a ^ubly refracting body oacn be seen in per- 
fection in two positions of rotation, and why each 
object alternately disaj^ars. Bay No. 1 ^uLd only 

permeate the tourmaline, as represented in diagram (1), —-2 

so long as its plane mig^t eeuxespoad^th the direction 
of the slit-like orifices. 

AB the phenozeena <4 polarized light haribbBise with the gmersl idea of its poa- 
sesaing sides; an idea which was propounded by Newton; hut being so extraordiayiEy, 
was laid aside until Halus, in the year 18X€^, again drew attentum to the subject. 

Befearring to the eoLperiment just oite^ of the spar and tibe tourmaline, it zcfuircs 
now to ba indicated that toormaUne ia a doubly refractive anhstance, wbiek aeeMa- 
pUea mb a divergence of the raya that one is turned aside or lost A ]|^ata of this 
hind c»% admito of the passage cffiaya m ozm pl^ 

iJl the light vhkh passes throng aplane of touxnaliae fr polarized, is My ^ 


Na.1. 
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rendered evident by the following simple experiment : — ^Having provided two plates of 
tourmaline, each mounted similarly on cork, for convenience of manipulation, let any 
Huninous body, such as a candle, be viewed through one, plate, the tourmalin^ being 
caused to revolve until a complete circle shall have,^ been described. Next repeat the 
experiment, using two plates of tourmaline, l&id flht together, 
instead of one. Provided the long axes pf the tourmaline plates 
are coincident, botlf may be devolved; and the oWeet will, in all 
phases of revolution of the planes, appear evident as before. 
No sooner arc they’placed at right angles to each othet-, however, 
than all the light is eompletelylntercepted. When*t»vo polarizing 
agents, such as these tourmaline planes, are employed in con- 
junction, whether in contact with each other, or some distance 
^ removed, the one nearest the eye h termed thb analyzing, and 

the one nearest the o^iject the polarizing plane. These terms will be employed here- 
after in ^efer^nce to another j^enomenon. By means of a plane of tourmaline used as 
an analyzing plane, it follows that the existence of polarized light may be discovered ; 
accordingly, it will presently be assumed to be employed as a means of proving the 
existence of polarized light arising from anothei cause. 

Double refraction, I have already remarked, is not the only means of effecting 
the polarization of light,— -reflection being also a very usual cause. There is a certain 
angle at which probably every reflective surface accomplishes the polarization of light. 
For plate glass, covered on one side with a black pigment, this angle is 57^ and placed 
at this angle it may be used as a means of effecting polarization. The reflected light 
may be known to be polarized, eitl^^ by an analyzing plate of tourmaline, or by 
another plate of blackened glass held at the polarizing angle, at which an imaged if 
produced by polarized light, will become invisible. 

Intezfoxence of Polaximed Iiig]it.^This term, although involving an explana- 
tion which will be for<3ome time postponed, mu^t be We mentioned as a means of 
designating certain brilliant chromatic efibets, not less beautiful in themselves than 
useful, as acquainting us [with the molecular constitution of many bodies. Polarized 
light, therefore, becomes' an agent of refined chemical analysis. 

If the two toumviline plates be* taken as befoce, dhd held face to face^that is to 
say, in the same plaice, but at right angles to each other— a ray qf light will be com- 
•pletely intercepted ; but if, whilst in this virtually opaque condition, a thin layer of 
mica be thrust between them, light will bF transmitted— no Imger white light, but 
coloured ; and on causing the analyzing plate to revolve, these colours will go through 
all the planes of the ppsmatic spectrqm, except one spot in the middle, which will 
alternate between white and black. 

On attentively reflecting on the bearingB of this experiment, it is evident that the 
inteiposition of &e mica must have d^larized the ray, or, more correctly speaking, 
must have caused the one plane polarized ray to assume the directirn of two planes, 
being in this respect like common light, but differing fix>m it in the remarkable circum- 
stance, that when viewed by an analyzing medium, it evidences colour. 

Before leaving this part of the subject, it is necessary to observe that mica is a 
doubly rei&acting substance, belonging to a crystallographic system, characterized 
by having two optic axes, lineal directions, through which a ray of light can pass 
without double zefiraction. Only doubly refiactive bodies yirid these beautifhl 
.phinomena of colour when treated similarly to mica in the preceding experiments; 
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hence these coloured rings indicate the existence of double re&action unddr drcuni- 
stancGs in which more direct observation could not be applied. 

Nor is this the only amount of information yielded. The ^ots of alternate white 
and blSck which crystalline ^slices manifest when thus treated, are indicatiTO each of 
an optic axis, OT«liAc of no doubld reflection ; hence the crystalline system to which a 
substance belongs may, by this means, be determined withix^ye^ narrow limits. If 
such a slice do not produce this image under Ahe circumstances mentioned, it does not 
doubly refract.^ 11 it does not doubly refract, it does not belong tu the tessular 
system. it ha^o only one optic axis, it either belongs to the rhombohedral or right 
square prismi^tic systems. If it have two optic axes it belongs to one of the )*emaining 
systems, as the subjoined table will render manifest. Before the theory of intcr- 

TABULAR VlBW OP THE CONNEXION StJpSIBTINO BETWEEN CRYSTALLINE FORM, 
AND OPTICAL PROPERTIES. 


Primary divirion 
^ with rGierence to 
symmetry. 


Crystals hayinfr 3 
rectangular equal 
axes 

Do not beflome elec- 
trical by heat. 

Do not expand une- 
qually by heat. 

Do not doubly re- 
ftact. 


CiTstals not having 
3 rectangular axes 
Become electrical by 
heat. 

Expand unequally 
by ditto. 

Doubly refract. 


Systeiffs^or 
groups of Mohs. 


) Tessular. 


/'Rhombohedric. 


J Pyramidal, 


Prismatic. 


Systems or Groups 
of Weiss. 


Crystallographic 
axes. 


Regular (.<|yn. ) cubic 
octohedral. 


Rhombohedral! 


Right square pris- 
matic. 


l^ight rectanguhsr 
ditto. 


Oblique rectangu- 
lar ^tto. 


Doubly oblique ditto 


! 3 axes, 

all rectangu* 
lar, 

all equal. 

i axes, 

1 rectangular 
(unequal), 
3 intersecting 
at 60° equal. 

3 axes, 
all reclanga. 
lar, 

1 unequl, 

2 equal. 

3 axes, 
all rectangu. 
lar, 

all unequid. 

8 axes, 

1 rectangular, 

2 oblique, 
all unequal. 

3 axes, 
all oblique, 
all unequal. 
Symmetry 
totally wanting. 


Optic axes. 
(syn.V^Eis of dou- 
ble refraction. 


3 optic axes. 

Do not doubly re- 
fract in any 
position. 


1 optic axis. 

I Double refrac- 
/ tion in all posi- 
tions but one. 


2 optic axes. 
Double refrac- 
tion in all posi- 
tions but two. 


ference of polarized light can be adequately discuasod, it will be necessary to have 
offered some remarks concerning the undulatory theory, as being the only ono on the 
assumption of which these beautiful phenomena can be consistently explained. Mean- 
time a few remarks may be offered relative to the connexion existing between these 
coloured rays and the geometric form of a crystal. 

The highest object of chemical philosophy is to unravel the mystery of those great 
forces with which matter is impressed ; to trace their connexions, study their coi^ela- 
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tioiiB, and reiid*off-Hio to i^ak>-4he hidden enorgies of one in eqtidvalent functions of 
another. The study of oiyataUine forfii— the investigation of those energies which 
lesult in definite mathematical shape— the contemplation of that symmet^ between 
' structure and composition which crystals so forcibly dis|»lay, continually impbss the 
chemical philosopher with the belief, that some gtoat connexions pzisting between 
the physical forces ttrm bo hereafter made known by a study of crystals— bodies in 
which aU the g^uge points of accurate chemistr^b seem to lie f where the most perfect 
molecular union is circumscribed by the most perfect geometrical boi^mdarics, and in 
which the very lines of foreo to which their oonstruction is du& may be brought 
witliin tlfb scope of cogmeancQ by means of polarised light. 

OoirpuaGular and Vndulatoxy Theosioa.— These two theories have been 
• casually indicated. They will now be discussed more fully, inasmuch as a considera- 
tion of iheir tenets will facilitate a comprehension of certain manifestetions of polarized 
light. ‘ 

The corpuscular theory, although considerably modified by different philosophers, 
is based ‘on the general assumption that the manifestations of light arc due to the 
impact of certain material’ particles upon the retina. Accordingly, several attoinpls 
were formerly made to w'cigh those particles, by allowing a ray of light to dart upon 
tho extremity of a delicatcly-poiscd balance ; and to connect, in other ways, the mani- 
festations of light, with their presumed analogies, amongst the phenomena of ordinary 
matter. Although no evidence of their weight had ever boon obtained, tke idea of I 
' their material nature was not necessarily abandoned ; and the assumption of such ; 
particles squared remarkably well with all luminous phenomena, save those of double | 
refraction and polarization. The phenomena of reflection accord so well with j 
assumption of tho corpuscular thcory®of light, that their most evident analogies can he ! 
Recognized in the angular measurement included between the lino of incidence, and 
line of reflection, of a billiard hall. The phenomena of common refraction admits of an j 
analogy scarcely less tt^ngiblc and direct. If a boy’s mzrblo be thrown into a tank of 
water, the marble will not proceed in the direction it would have assumed in an ! 
atmospheric medium ; but will suffer bending or refraction. ! 

Most of the ordinary phenomena of light involve ^cither reflection or refraction ; ; 
and most admit of ready oomprehension, on the gumption of the molecular theory. 
The phenomena, however, of what is called interference of light, and the phenomena | 
^of polarization, are totally irreconcileablc with the tenets of tho molecular theory, as 
the following illustration will make apparent*: — 

Most persons must have remarked the beautiful series of iridescent colours dis- 
' played by certain polished shells. These colours are in no manner connected with the 
composition of such shells, as may be demouHrated by taking a cast in sealing-wax, | 
when tho surfatc of tho cast will also ’display a similar iridescence. On examining 
the surface of such shells, or casts taken from them, by a microscope, minute ridges 
or furrows are discoverable; and to the fiction of these the phenomena of coloured light 
is referable. A similar iridoscence] may be produced by engraving the surface of 
metals with anch microscopic furrows ; and, in^od, this piooess was once applied to 
a branch of the industrial arts— the manufacture of iridescent waistcoat buttons* In 
this ease the engraved material was steel, and tite funxrws were made by means of a 
diamond. The colours thus produced are referred to tho action of interference of light; 
which term involves the theory of undulations, on the assumption of wlfich the |4eno- 
mencot is easily explicable. It is possible so to arrange the impact of two mono-ohromotic 
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luminous rays against one and the same point, that the two shall either ptoduoo an 
amount of luminosity equal to the combined ^ergies^of both, or else perfect darkness, 
according to the relative distance from the point of impact at ^hich the sources of tlfe 
two luminous rays are placccf. This is what is understood by the interference of light 
Two rays of white light arc even more susceptible of interference than two rays of 
coloured light; but in this case the result is colour, — ^inasmuc^ ai^ a ray of white light 
is compoiLnded of three coloured r^ys, any of which being interfered with, or sup- 
pressed, the coiiipound quality resulting in whiteness no longer exists. 

On the ^sumpcion of molecules, the phenomena of interference are totally inex- 
plicable. It io impossible to conceive the impulsive force of two molechles, each 
directed to the same point, less than the impulsive force of one— indefinitely less, even 
to zero, as we must conceive if the theory of molecules be applied to this phenomenon.* 
On the other haitd, if we assume the undulatory theory to be true — if we imagine that 
light is the result of vibrations amongst the particles of an eprceedingly attenuated 
essence — then the phenomena of interference can 3e r jadily explained ; then wc^ can 
find the most precise analogies, between certain phenomena of light, and of sound, and 
the curious affections of interference and of polarization become explicable. If on some 
tranquil day a pebble be thrown into the water of a pond, a series of waves, circular in 
contour, and gradually expanding, will form. If, "whilst these waves are taking their 
course, another pebble be thrown on the spot where the first impinged, another series 
of waves-will bo produced of precisely similar character to the first, and some of which 
they will overtake. A very familiar result wiU now be seen. The waves come in '" 
contact — but not, to use a scientific term, all in the same pltase of vibration ; at some 
points two rising crests will coincide, when two waves, by uniting, associate their 
forces, and, if striking against an object, give a double impact. At other points 
a rising crest wiU strike one that is falling; the result of which, supposing thq 
force of each equal, would be the annihilation of both. In this case we are fumished 
with an example of the interference of aqueous waves. Passi^ on to the consideration 
of sonorous waves, it will be discovered that the whole science of musical hannony 
depends on so adapting the leng^th of these waves that they may coincide in similar 
phases of vibration. It is well known that if a i^usical string be divided by a stop into 
two equal parts, ca(di separate part yields, on vihraiion, a tone an^octave above that of 
the whole string ; it can be demonstrated, moreover, that each half vibrates twice as 
fast as the whole string— consequently its vibrations must be twrce as small. Now it > 
is well known that an octave is the most«perfect harmony that can be associated with 
the fimdamental tone — so perfect that the resulting tones blend into one, just as they 
should do according to theory. Two series of expanding waves^-^c scries double in 
size to the other— both taking the same direction, must nece'^rily correspond : there 
can be no interference. 

Inasmuch as the velocity at which sound travels is known, and . each particular tone 
in the musical scale corresponds with a detcrmihate number of undulations in a given 
tone, the size of sound waves for any particular tone may be calculated, when the 
number of vibrations for any given tone ai^d known. This has been accomplidied by. 
M. Savart by means of a spiked wheel, caused to revolve with known velocitieg. A 
known velocity, yielding a known sound, furnishes the required data. It » by an 
application of the above principle that Professor "Wheatestone succeeded in detsiaa d Bing 
the velocity of electricity through a copper wire. Under the head of Sfectririty the 
arrangement of Professor Wheatestone will be fully explained. 
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Let ^ = velocity of sound per second, 

N = number of vibration^ per second nccossary to produce any given note, 

W = length of Vave corresponding to that note ; 

then^zr'W. , ' 

-N 

The velocity of eou^d in air at mean temperature and pressure is = 1120 feet in a 
second. In copfonnity with the above data, ^jhe following table has been con- 
structed : — 


NUMBER V>F VIBRATIONS PER SECOND PERFORMED BY WAVES OF AIR CORRESPONDING 
TO CERTAIN MUSICAL NOTES, AND LENGTH OP THE RBSPECriVE WAVES. 


Noj^ of the organ. 

Length of pipe. 

No. of vibrations 
per second. 

Lengjth of wave. 

i* 

Jiowest C 

32 ^ 

16 

16 

70 

or A-i ?J? 

1 6 

Cl 

32 

;35 

or LL?” 

33 k 

C3 

8 

64 

17*5 

or ^ » Q 

64 

Cl 

4 ‘ 

128 

8*75 

nr 11 go 

ISS ■ 


2 

256 

4-376 

or JLliJ? 

336 

C* 

1 

1 

412 i 

! 

2*1875 

or lli? 

313 


These acoustic illustrations have been chosen with the object of facilitating their 
luminous analogues,— to which I will now return. 

^ If a plano-convex lens be laid with its convexity downwards upon a flat plate of 
glass, various-coloured rings appear ; red mani- 
I festing itself nearest th^ edge of the lens, violet 
nearest the centre. These colours are duo to the 
interference of light ; and whatever be the 
theory of light adopted, it' is evident that a 
certain relation between colour and space is man^ested in the preceding arrangement, 
where the lines a' and a, which I wiU suppose to correspond with the ring red light, is 
evidently longer thaif the line J', which may be supposed to oorrespbnd with violet light. 
Hence these respective lines may bo consider(^d as representing the ratio of measurement 
of the waves, or the particles of light, according to the theory we adopt Knowing the 
dimensions of the globe to which such a lens has reference, the measurement of the lines 
a b, &c., admit of calcule^Gion ; hence we' have data of the size of waves (assuming that 
theory for light) of various colours. The wave of extreme red of the solar spectrum 
has a length of *0000266th part of an inch, and vibrates 458 million times in a second. 
The wave of extreme violet light has aJ^ength of '00000467th part of an inch, accom- 
plishing 727 millions of vibrations in a second. The means of ascertaining the number 
of vibrations p^ second of any coloured flight are based on the .data of the rate of 
travelling of light per second and the measure of a determinate chromatic wave. An 
application to &ese data of the formula given for sound above, making the obvious 
sul^titutions, wiU give the required answer. In order, however, to remove aU difficulty 
from the comprehension of this interesting subject, the foUowing paraUel cases have 
been drawn up 
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PABALLEL OABES. 


Light travels at the rate of 190,000 miles 
per second. • • 

Length of vnves ^f ^ed light, ‘00000266th 
part of an inch. 

Qti&ry , — Hovr many vibrations does if ray 
of red light nftke per second ? 

FormulaJSf^ solving the query. 

Velocity of light per see. No.ofvibra- 

Lcngth of wave of every tionsperscc. 
colour • 


A man tAvels at tihe rate of 60 yards p0f 
minute. 

(Assumed) length pf the man*s strides, 
H yard each. ^ • 

How many stride does the man 
make in a minute } 

Formula for solving the qu^ty. 

Velo city of man per min. No. of strides 

Length of stride per^min. ' 


Or, ttr, 

I Answer. Answer. 

j 0^000266)190, li)60(40 strides per minute. 

Zntezference of Polaxized Ztigfht.— Having offered a general indication of 
the nature of luminous interference, let us now apply the facts deduced to an explana- 
tion of a phenomenon already indicated,— the occurrence of chromatic rings on inter- 
posing a ^te of mica between two plates of tourmaline. Plate No. 1 , * or the polarizing 
plate, effects polarization of a ray of white light, so that plate No. 2, the analyzing plate, 
hold transversely to the first, intercepts the polarized ray. A film of mica interposed 
between, causes the ray again to appear, hut as a coloured ray. 

It is, in the first place, evident that the mica must have turned the polarized ray 
partly round, in order that the second plate of tourmaline could have 'admitted of its* 
passage at all ; and it is assumed rationally enough, on the^assu^ption of waves, that in 
this act of turning round, the various»coloured rays assume different planes, so that, on 
separating these planes, and rendering one alone evident by an analyzing plate, coloim 
results. A plate of any crystalline body (not belonging to, the tessular system) thus 
introduced between two polarizihg media, yields colour, anfithe optic axes of a<!rystal 
may be counted off. It is consislentF with reason fo suppose that these optic axes 
correspond with real directions of forces in cquilibrio ; and it migjbt be inferred that 
homogeneous non-crystalline transparent bodies would not produce this effect on ' 
polarized light ; whichais again consistenf with all observation. If a piece of well 
annealed glass be interposed, no colour results, because the force holding its particles 
together is equal in all directions ; if, however, the same glass be compressed by 
means of a hand-vice, or caused to expand unequally by holding a ho^ poker near it, 
then iridescent hues immediately appear. ' 

Hence arises an easily applied test of the hoij^ogencity of glass— a quality so neces- 
sary for all optical purposes. 

Giicvilax PoZaxIxatlon.— Many specimens of rock crystal may be selected which, 
if sliced, and the slice placed, as directed, between a polarizing and analyzing plate, do 
not yield the alternating black and white central spot and radiating cross ; but instead 
of which, the central spot is chromatically illuminated, with b colour that ehanges.^^ 
through all the prismatic series on causing the quartz plate to revolve on its «*%pans. " 
In some specimens of quartz, rotation of the plate on its own axis itom kft 
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CIllCULAR POLARIZATION. 


causes the colours to appear in the a^der of rod, yellow, blue; whereas, in other 
specimens of quartz, t^is order t)f alternation occurs when the quartz is turned in an 
opposite direction. Hence there is right-handed quartz r (the former), and left -handed 
quartz (the latter). This quality of circular polari^sation is another powerful agent of 
chemical analysis. JJii hrst contemplation it might he supposed to ho connected with 
the solid molecular condition of the crystal ; but this is not so-r-the property of circular 
polarization bcfhg qlso affected by certain liquids! 

The subject of circular polarization is . one strikingly illustrative of the way in 
which ac subject .apparently altogether abstract and recondite maybe a^t^plied to the 
most practiced ends. Two remarkable examples of this application I siiall mention— 
the first relating to a method of indicating the progressive change during fermentation 
of starch into glucose or grape-sugar ; the second relating to a method of distinguishing 
between the latter in glucose and sugar of the canc. 

When infusion of malt is milled with yeast, and exposed to the proper fermentative 
teniperaturc, a gradual change takes place of starch, and a modification of start^h, called 
dextrine, into the glucose or sugar of grapes, to which An sweetness of the wort is due. 
Now, solutions of starch, and dextrine, and grape-sugar, all possess the property of 
circular polarization ; hut with this difference,— the two former polarize towards the 
right (whence the name dextrine is derived), the latter polarizes towards the left. 
Hence, by placing an infusion of malt, at progressive stages of fermentation, in a tube 
of definite length, connected with a polarizing apparatus, and reading off we amount 
of n^t-handedness or left-handedness displayed by the solution, the progressive changes 
of starch and dextrine towards grape-sugar or glucose may he made evident. 

Still more important is the application of this principle to the discrimination of cane 
and grape sugars. Slightly anticipating the subject of organic chemistry, it must bo 
^ere premised tbat the terms glucose or grape-sugar aro not specific, but generic ; they 
m not limited to the indication of sugar wMch is contained in the grape, but extend to 
the comprehension of Al sugar, from whatever source, having an identical composition. 
In like manner, by the term cane-sugar we understand a sugar, from whatever source 
derived, that has a composition of the saccharine crystals extracted from sugar-cane. 

Cane-sugar is that alone which jfossosses any value as a manufactured article ; the 
cmly kind which ddmits of crystallization or fdhnalion into loaves. Tet cane-sugar 
n^dly, under certain circumstanoes, changes into grape-sugar f and as both yidkd a 
solution, sweet, colourless, and probably of equal specific gravities, the value of a proeess 
for determining the presence and the proxiiSate amount of either becomes of the highest 
iogportanoe. By taking advantage of the fact that cane-sugar polarizes circularly 
towards the right, grape-sugar towar<^ the left, the necessary information can i>e 
obtiliied. 




11. Blot has eootrived an optioal inatrustent for this i^eciflc purpose. Its fonn is 
represented by the accompanying diagram. 
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A ray of common light having been pc^ariaed by reflection at the angle of 56® 45' 
from the surface (5) of a plato of glass, the piano polarized r|y (tf), obtained by thj^ 
means, es first made to pass through a lens (y) to give distinctness of image, and then 
through a pure soljitioii of cryst^lizable cane-sugar (d) ; the emergent ray (0) being 
now analyzed by^a double refracting rhomb of calcareous spar {f)^two coloured fmagag 
arc perceived, ono ( 0 ) caused by ordinary, the other (z) by efttraordinary refractira. 
The colours of ^le two images are complemcfltary ; is, when oitb image is red, 
yellow, or blue, tl)p other image is green, violet, or orange. 1:^ now, the analyzing 
rhomb of cJicareous spar be rotated, change of colour is eifccted. If the rqjtation be 
right-handcd-^2 a., ip. the dircotion of turning an ordinary screw-— the colours &llow 
each other in the order of red, orange, yellow, green, blue, indigo, and violet ; mean- 
time, the extraordinary image assumes a series of complementary tints. !Put the * 
chromatic relation of the two-images may b^ most readily perceived by the foUowiag 
comparative arrangement 

OaOIKAHT IMAGE. 

Red 
Orange 
Yellow 
Green 
Blue 
Indigo ) 

Violet ) 

Bed 

Such is the sequence when the instrument contains a solution of pure cane-sugar ; 
if grape-sugar be substituted, tSo ordgr of sequence is reversed. * 

Actiniam, oz Tithonicity.— Until within the last few years the constituents of 
the solar rays were supposed to he merely light and heat : a third agency, termed 
actinism, is now recognised. “ The alchemists observed the blackening of hom-^ver ; 
hut as this discovciy did not gene!ute% correct idea^ their mind% the fact remained 
valueless toman, ^heele, the Swedish chemist, was the first^to investigate the 
peculiar conditions under which this remarkable change of chloride of silver took 
' place, and determined tlie difference in the lotion of the least and the most refrangible 
spectral rays. Berard afterwards proved that the most luminous of the prismatic rays 
would not, even when concentrated by a lexL% blacken chloride of silver in twenty 
minutes ; whereas the least luminous rays at the most refrangible end o{ the spectrum, 
condensed in the same manner, produced a great degree of darkness on this salt in a 
few seconds. In 1803, Wedgwood, the porcela^ manufacturer of Etruria, employed 
this chloride and tha nitrate of silver, spread on paper and white leather, for copying 
the odeurod glass pictures in church windows ; but he failed to give permanmioe to 
the impresEftons ho produced. Between 18l4 and 1827, M. Niepce, of Ohilons-siir- 
Sadne, was employed in investigating this subject, and discovered that resin spread on 
inetai^ or gloss tablets was sensitive to sdar agency, the ports exposed becoming more 
soluble than those in shadow. By this means he was enabled to produce {dotuxes upon 
silver tablets by the use of the camera obsoura. Niepce, in 1829, associated fahnseif „ 
with Baguetze, who had previously oonuMnoed some independimt duernti^ and 
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Green 
Bluo 
j Indigo 
t Violet 
Bed 
Orange 
Yellow 
Green 
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their combined experiments led to the diftcoyery* of the process known as the Daguerreo- 
^pe, which was pubimied in 1839. 

Mr. Henry Fox Talbot had been engaged in ezperipients on the chemical agency 
of the sunlight from 1834 ; and, in 1839, he first pi\)>liBhed hisphotoginphic researches, 
and circulated spec^lns of his process of preparing pictures upon p&per Sovered with 
chloride of silyer. This led to numerous inyesti^tions ; and ^ey^ral processes, by Sir 
John Herschel tad others, were speedily publis^d. In 1841, Mr. Talbot pubUidLed — 
haying preyiously patented— his calotype process ; since which tinje the art has made 
rapid advances.*’ — ^H unt. 

Eyen so far back as the year 1801, Bitter, of Jena^ made the/mporinnt discoyery, 
whilst repeating the experiments of Scheele, that on throwing the prismatic spectrum 
on a sheet of paper ^impregnated with chloride of silyer, that not only was the 
blftckening, or chemical effect, more powerful at the yiokt end of th^ spectrum than at 
the red, but that the^ effect was ^greatest of all beyond the limits of the yiolet, con- 
sequently beyond the luminous boundary of the spectrum. This discoyery soon gave 
rise to the idea that some agency distinct from heat, or ^ho one hand, and light on the 
other, must exist in the radiant spectrum. Almost contemporaneous with the dfs- 
coyery by Bitter of the existence of what is nbw termed actinism, Dr., afterwards Sir 
"William, Herschel was prosecuting a course of experiments 
I \ to manifest the distinction in the prismatic spectrum 



between rays of heat and mere luminosity. Ixf tho year 
1800, whilst making some experiments on coloured glasses, 
intended for tho purpose of defending his eyes from heat 
whilst exa^nining the sun with his large telescope, he 
found that a deep red glass, notwithstanding its obstruc- 
tion of a largo amount of light, scarcely, if at all, inter- 
fered with tho passage of heat. On the other hand, a 
blue or gray glass defouded his eye completely. On look- 
ing more narrowly into this subject, Herschel proyed 
for heat what Bitter had preyiously done for actinism, 
that net only of all the coloured portions of tho spectrum 
did red* afford the greutei^ amount of heat, but the maxi- 
mum point of spectral heat was developed altogether 
beyond the red. Thus, it seems, tho decomposition of 
radiant matter 19y the prism may«bo indicated, as in the 
accompanying diagram, where tho three recognizable effects 
of heat, ligh^ a^d actinism, or chemical power, are repre- 
sented by three distinct but mutually intersecting series of 


wayes. 


It will bo obseryed, from an examination of this diagram, that whilst heat («) and 
light (d) haye each one point of concentration, actinism ( 0 ) has two» Examination of the 
spectral chart, as the foregoing diagram may be termed will also tend to create the 
supporition, which certain practical obseinrations go to confirm, that the three qualities 
of light, he^ and actinism, are mutually antagonistic of each other. So far as con- 
^ cems light and actinism, M. Glaudet has proyed (Phil. Trans., 1847} that yellow, the 
point of greatest li^t, is not only negatiye, but positiyely destnictiye, to actinic 


, power. . ' • 

The subject of actinic radiation is of especial interest in connexion with the art of 


I 



PHOTOGEAPHT. 


85 


Heliograpliy, or the taking of sun pictures, most improperly, as Mr.^unt^baerves, 
termed Photography — a term indicatiye of thd agency of light, whereas we haye made 
it appear that not light, but a peculiar radiant matter, or essedbe, accompanying light 
is the cause of 4he result in^qucstion. These sipi-pictures may be chiefly arranged 
under the heads of Daguerreotypetmd Odlotype, although other processes for dereloping 
them have been described under the names of Fluor6t3rpe, Feftotype, Chromotype, 
Chrysotype, Cyanotype* Catalisotypci and Anthotype. All these terms have reference 
to the chemical*agent8 with which sun-pictures are produced. It will be conyehient 
to discuss l^e subject here under the two general heads of simple pictures, or those 
generated wi^ut lenses, and camera pictures, in the deyelopment of whifth lenses 
arranged in the cambra obscura are employed. 

Simple Fictiurefl.— ‘The process adopted by Wedgwood for copying the paintings . 
on church windows resulted in the formation of a simple photographic picture.* How- 
eyer that process may be modified, the prihciples inyolyed in taking and rendering 
permanent this class of pictures are inyariable. 

1 . The first condition is the generation of a surface which shall be sexftiti'^ to 
actinism. • 

2. The second, that the sensitiye surface thus deyeloped shall be placed under the 
unequal action of actinic rays. 

3 . The third, that the picture shall be fixed. 

Seniitiwe Papes. — Although silyer salts are not the only substances employed 
for the purpose of making sensitiye paper, yet they are the paost usual and most 
important. It will be well, therefore, to describe the principles on which their 
successful action depends. 

Pure nitrate, bromide, iodide, or chloride of cdlyer, are not affected — ^that is to say, | 
do not blacken under the influence of actinic rays ; but the presence of a little organic 
matter renders them yery prone to undergo this change. Hence, if organic matter, 
such as paper, or linen, be moistened with nitrate of silyer s^ution, and exposed to 
the air, die tissue thus4u:ted upon sdbn turns black on exposure to the solar rays. On 
this principle dejiends the operation of marking-ink. 

Nltmte Papex. — ^The mo^t original and most simple kind of sensitiye paper for 
simple pictures is made by bmsbing ^oyer a piece*o^ highly glazed paper a solhtiQn of 
nitrate of silyer, containing about 100 grains of the crystallizedTsalt to one ounce of 
water, and allowing* the paper to dry. By this operation a sox^tiye surface is pro- 
duced, on which the figures of objects ^ay be deyeloped by yery obyiouS means. 
Suppose, for instance, it were desired to take copies of the wheels of a watch, nothiog 
mc||re would be necessary than to lay them fiat on such a paper, and expose the whole 
to the action of solar rays. Whereyer the raf s might strike,»the paper would become 
blackened ; but it would remain white in all those portions cpyered»by the wheels. 

In like manner, supposing it were desired to copy an engraying, or to take the pattern 
of lace, of a fern frond, of a lea^ &c., nothing more would be requisite than to press 
the object to be copied and the sensitiye faper flat between two glass plates, and to 
expose the whole to the sun’s rays. • 

By the proceedings described we should obtain a hegatiye picture— that is to say, 
the lights and diades would be reyersed — for a yery obyious reason. Just as ebyious is 
it that a positiye picture might be made, by exposing the negstiye one to solar action 
in contact with another sheet of sensitiye paper. 

But whether the picture be positiye or negatiye^ it is evidently necessary to bring 
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it to fiacfi; a condition, that when remoyed firom the object copied the white poftions 
ediflU be rendered insensible to the solar fays. This operation involves the employment 
df some chemical ageniPwhieh hu the power of dissolving away such portions of the 
silver salt, or other agent used, as may not have been ^ifikcted by the actinib rays. 
For the paper describe the fixing agent may 'be a ablution of commqp salt» which has 
the property of chaz%in^ all nitrate still remaining undecomposed into a chloride, and 
of dissolving the^lattcr ; a solution of hyposulphite of soda, hoWeriir, is more generally 
employed. a 

CSiloxide of Silwex Papox.— This is made by first washing ever the surface of 
paper a sfilution of common salt, then with a solution of nitrate of sih^r. The best 
proportions of materials arc 60 grains of common salt to 3 ounces of water ; and 60 
•grains of nitrate of silver to 1 ounce of water. The application of these and other 
BolutionI employed in photographic manipulations, requires much delicacy of hand. 
ThS great object in al^ cases is to effect aif even distribufion. Brushes, for the most 
part^ arc ineligible, not only /»u atcount of their rapid destruction by the substances 
with which ,they come into contact, but also on* account of the great difficulty expe- 
rienced in laying on a perfectly fiat coating of liquid by'tflcir moaus. , 

^ A plan very much had recourse to by photographers for distributing their liquids 
is termed floating^ and consists in laying the paper, or other substance to be treated, flat 
' on the surface of the liquid, placed in a shallow porcelain or glass dish, — or even on a 
flat plate of glass, accurately adjusted to a level ; then drawing the papeg ofi^ and 
causing it, during this operation, to como in contact with the edge of the dish or plate, 
so that the necessary amount of superfluous fluid may be removed. 

Another good plan consists in laying the paper flat on a glass plate, then pouring 
upon it a certain superfluity of liquid, and passing the latter evenly oyer the surface 
^f the paper by means of a glass rod held evenly and hdrizontally ; ^is plan, however, 
is restricted to o]>erations which involve the use of paper already wet. 

Whatever the mode^etermined on for spreading phc^ographic solutions, every care 
should be taken to spread them evenly. If an uifwetted patch or spot be recognized, 
the operator should not fill it in, but sho^ begia ihe 0|^ation of distribution over 
the whole surface again. Chloride of silver ps^r^ which has been prepared as 
described should be ^flowed to dryoin the dark ; whei^dry, it is ready for use. 

The proportions of nitrate of silver and common salt just g^ven may he varied, 
within certain limit^; and a variation in the amount of sensitiveness, and also in the 
tone of the picture, results. If the chlorid(%of sodinm be in excess, the paper will not 
be very sensitive, and the I'csulting picture will have a somewhat disagreeable slate 
colour. Quantities successively lessening give black, bronze, and brown, of various 
shades, gradually endin^in brick-red. 

Sromide Papez.— 60 grains of bromide of potassium having been dissolved in 
3 ounces of water, paper is to bo soaked in this, — superfluous moisture absorbed by 
bibulous paper,— Ihen covered on the curface with a solution of nitrate of silver and 
water, 100 grains of the salt to an ounce of %ater. 

Ammonia-nitzate of Silvez Papes.— If liquor aminonioe be added to a solution 
of nitrate of silver, nitrate of ammonia results, and oxide of silver is deposited. If 
still more ammonia be ^dded, the oxide of silver re-dissolves. Coneetly i^akin^, the 
,BO-ca31ed ammonia-nitrate of silver, is a solutiwi of oxide of silver in liquor 
mixed with a portion of nitrate of ammonia. Very good proportions tor making this 
, solution are, 30 grains of nitrate of silver, dissolved in 1 ounce of water, and sufficient 
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afaaiMla not ooly to pveelpitato the oxide of idlrer^ tmt to xe^iliidire getotost 
portion of it,— « trifling xmouiit being left izn4iflsolTBd, for the ptii^oie of ■wring the 
operator that the stnount of ammoma added hai not keen in emcees. ^ 

Tb^aolution as thns prepared is, as I before remarked, a mixture of endde of dlTer 
dissoired in al^q^u^ with nitrqto of ammonia. The presence of the latter Is 000^^ 
sidered objeotiGinlble by some photographers, inasmuch as it to the sesultfaiig 

pietnros a deep red tone. This efle^ may be obriated by caftfully remoTxng all the 
nitrate of amnoKjoia solution, so that only a*so?utkm of oxide of rilrer hi ammoma shall 
remain. The stepi for accomplishing this end are as follow Add solution of ammonia 
to the nitiftte solution, so long as any precipitate forms. Decant the sifpcniatant 
liquor (whiclf is a solution of nitrate of ammonia),— wash the oxide well with distilled 
water, --^ur off the latter, —^then add ammonia, and effect the solutum. of the oxide as 
before. ^ 

Paper prepared with the Ammonia-nitrate of silver is sensitive without any other 
treatment ; but certain artistic effects may bo produced by not using it until it has 
bcfaa treated with bromide, chloride, ondodide of potassiuA, as I have already tbaeribed. 
Y^hatever be the kind of senaftivo paper employed, it is absolutely necossaiy toat the 
cngra?ing^ leaf, &c., to be copied, should bo pressed firmly down upon it. This ai 
accomplished by an instrument termed a pressure frame. 'Whim the subject to be 
copied is of even thickness throughout — ^such as an engraving on paper— the adjust- 
ment is so easily effected as to require no explanation. When, however, the sabjeet is 
of uneven thickness — such, for instance, as a leaf with its thick midrib and ramifying 
iiomires— the case is different. Occasionally, it will be desirable to shave down the 
more prominent portions of the midrib, by means of a penknife, and the object may 
be afterwards presssd close to the glass by putting a thick piece of flannel in the 
pressure-frame, below the paper. 

TChm Positiwe Picture. — The method of obtaining a positive from a negatirff 
picture has already been indicated. Occasionally the process will be fticilHated by 
rendering the negative, or object 4o be copied, more trans;^arcnt than natural, by 
means of oil, varnish, or melted ^x. In using these agents, however, care should be 
taken not to impart a shade of fellow to file negative. Yellow, as I have already 
indicated, is a great impediment to the devclopillcnt of actinic images, ever pbdeh it 
exerts a direct negative influence. 

Fixing .—In oiflcr that a photographic representation may permanent, it must 
be “ fixed " — to use the technical expression— that is to say, it must* have all iht silver* 
which has not been ^jonverted into omdc or metallic silver by the actinic rays 
removed. 

Fixing is accomplished hy the employment of some solvent that has the property 
of combining with the undecomposed silver salt. The solvent now generally used is ■ 
h)T)osulphite of soda, in aqueous solution. | 

The operation of fixing is commenced bygmmersing the picture in a dish of hot i 
water, and pouring away the latter, bj'- which means the nitrate of silver, and other 
salts soluble in water, are removed. The picture should now be dried between folds , 
of bibulous paper, returned to the washing dish, and treated with an aqueous solution ' 
of hyposulphite of silver, having the strength of about 120 grains to a part of water. 
Finally, the picture should be removed from its h 3 T)osu]phite situation, pat into coM 
water, and washed until a drop of the fluid let fall upon a plate of glaSs and evapo- . 
rated leaves no stain. 
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9wiif±ve rtetiueB onAlbnmlnans Sjpifiicea, on Filmi of OoULodlim &o. 

— ^Tho yarious ineqaalities of paper pre|^nt such an impediment to the photographic 
art that many schemes Jiaye been proposed, and some earned into successful execution, 
for deyelopingpositiye pictures on smoother substitutes. Of these, a coating of aK>umen, 
spread on paper or glass, or of collodion— i. a., solution in ether of gun cotton upon the 
same— are the princJpSl. Details of these processes scarcely come y^thinlthe scope of 
a treatise on general chlmistry. I must, therefore, refer the laeader who would prose- 
cute the subjetft of .Heliography more ‘ minutely, to books qpecially , written on the 
subject 

Can^sa FictiueB. — ^Under this description are included the delineation of forms 
on paper, albumen, d:c., in consequence of the decomposing effects of bolar rays on 
certain metallic solutions— comprehending the operations termed Calotype, Talbotype, 
' Cyanotype, &c . ; and the delineation of images on an iodized silycr^plate, known as 
the Daguerrotype. 

If any of the sensitiye papers^alrcady described bo placed in the camera obscura, 
andrthe image of an illuminal!^ object allowed to impinge upon it, a picture will in the 
end result. The time, howeyer, necessary for the development of this picture — usually’ 
some hours— is a great bar to the employment of this means of taking actinia pictures. 

To Mr. Fox Talbot is attributable the ducofery of a process by which the time of 
the operation is abridged from hours to seconds ; and thus a new development of helio- 
graphy has sprung up, known under the name of Calotype, or, in compliment to its 
discoverer, Talbotype. 

It has been already casuahyremarked, that pure bromide, iodide, and chloride of silver, 
are very little, if at all, affected by the sun’s rays ; but that the presence of a slight 
amount of organic matter causes ^e Section to occur readily. This circumstance lies 
at the foundation of the process of Mr. Fox Talbot ; although it is only fair to state 
/hat the fact had been anticipated by Sir John Herschel and Mr. Robert Hunt, gentle- 
men to whom the interesting art of heliography is so much indebted. 

The operation of rei^dering paper suitable for t^ing” Calot 3 ^ic impressions consists 
of two processes ; of which the first consists in impregnating the paper with certain 
silver salts, — ^th.e second, in rendering the paper so treated additionally sensitive. 

Imj^xegnation of the Papex<— Several processes are recommended for this 
purpose : the following answers perfectly well :-«HaVmg dissolved about twenty grains 
of jcrystallized nitra^ of silver in an ounce of distilled water, nrecipitate it by the 
t cautious addition of iodide of potassium. The supernatant liquid, which contains nitrate 
of potaidi, is to be poured off, inasmuch os that salt interferes idth the beauty of the 
picture. The precipitate, which is iodide of silver, is now to be dissolved in a solution 
of iodide of potassium, containing fifty grains of the salt to an ounce of water. The 
paper is to be washed over with this solution, dried, then washed in distilled water, and 
dried again. l3iis last washing has the effect of precipitating iodide of silver in the 
texture of the paper; because; although soluble in strong solution of iodide of potas- 
sium, it is insoluble in a weak solufion of the same. Hence the firinl process of 
washing, by converting a strong into a weak solution, precipitates the iodide. 

Rendexing the Paper SenBltiwe.— The process depends upon the fact made 
known by Sir J. Herschel and Mr. Robert Hunt, that organic matter promotes the 
solar decomposition of certain silver salts. It consists in applying to the paper, already 
iodized as described, a solution of gallic acid and nitrate of silver mixed together, along 
with some acetic acid. The following proportions are taken from an excellent little 
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wor^j by Mr. Bingbam, on Pbotogra]Piic manipulation Dissolyo 100 grains of 
crystallized nitrate of silyer in two ounces of tlistiUed^ water, to which add one-sixth of 
its yolume of strong acetic acid (which will be two and two-thirds of a drachm) : th6 
solution shoul^be kept in a bottle excluded from the light. Now make a saturated 
solution of. gallip *acid in cold <fi8tilled water, —the quantity jissolved is yery small. 
When some paper is to be prepared, five drops of each shouldjMS biixed with one ounce 
of distilled water, lad* then poured* upon tl^ plate-glass, having a^usted it by the 
set screws so that the solution will not run off; the sheet of iodized paper should 
then be carefullynipplied to the wet surface, and the air-bubbles gently pressed out by 
passing the finger over the back of the paper. As soon as the paper has cealed to curl 
upwai^ it should be removed from tho glass, very gently'pressed between folds of 
blotting-paper— but only just enough to remove any sluning patdies of moisture on the* 
surface — and then placed at once in the frame of the camera.'* 

BffWeloping the Piciture. — Having *causcd the image o^ any object to fall,* by 
means of a camera, upon a piece of paper treated as^alrefdy described, a correspox^^g 
heliographic image will be impressed, although not visible imtil deyelope*d. This 
development is effected by deposing the invisible picture once more to the action of | 
gallo-nitrate of silver, then exposing 4 to a gentle heat, such as that produced by a jet 
of steam. 

The best means of distributing the gallo-nitrate evenly over the paper's surface is 
by means of fioating, as already described, the solution of gallo-nitrate being distributed j 
over a glass plate, or poured into a shallow dish, and the active fhee of the paper ! 
superimposed upon it. Immediately the picture has become developed it should be 
fixed, by means of the process already described at page 87. 

PictiueB on KetalUc Plates — Tho llagnomotirpo. — The history of 
Daguerreotype is comprehended in the history of heliographic representation gene* 
rally : hence I have already given a slight account of it. It now remains to offer an | 
outline of the process adopted for producing these pictures in nUsdem practice. | 

In the heliographic operations already described, the image is impressed upon a j 
non-metaUic surface, usually paper, cither impregnated or covered with the sensitive | 
material. In the Daguerreotyi^ operation a platqof silver is employed as the irapient j 
of the impression, or, moro properly ipeaking, a layer of iodide qf bromide ox sUver, ' 
either singly or mixed, generated by exposing the plate to the operation of these agents. - 
Thus treated, the silver plate becomes extraordinarily sensitive to light ; and if 
placed in a camera ol^ura, imdor the#proper conditions, an invisible picture is ; 
impressed upon it, capable of becoming an evident picture when the proper developing 
influence is applied. 

The developing agent for heHographic r^resentations of this class is mercurial 
vapour, which, by means of an agency still very obscure, brings out fhe picture. At | 
this stage, however, the representation is very easily rubbed off ; consequently some ! 
preservative meanj^is necessary, that most usiAil being a deposition of a layer of pure i 
gold over the whole face of the picture— a layer thin enough to be transparent— thin j 
enough to protect the Daguerreotype imago^m any mechanical casualties to which it : 
may be exposed. | 

Simple though the various operations connected with the Daguerreotype may j 
appear, they all require much practice for their successful accomplishment. 

The first step of the operation consists in obtaining tho silver surface to be operated | 
upon perfectly clean, but at the same time without scratches. This is usually accom- | 
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plished \fy exposing them to fiiction of nibbers or buffers of ootton velV^ or 
doeskin^ charged with oil and rotten^stohe) tripoli, jSsc.^ in the first case, and finally 
illacharged with any exi&aneous aubstanoe. 

It is absolutely essential that the Baguorreotype plate^shall be free from BcrSltdbeB ; 
not less essential is it no oil should remain. Hffnoe, whatever ea^e may have been 
taken in polidiing tift plate by the dry buffer, it is generally necessary to remove every 
lingering trace oj^ oil by the operation oi^ burnings as it is called ; % e., the plate being 
held over a spirit lamp fiame, all remaining traces of oil are, by the heit thus implied, 
decomposed. 

This {fioocsB of burning is one of considerable delicacy. If carried ton fa?, or not iar 
enong^, the picture is damaged. Nothing but practical experience can assure the 
« operator that he has made the proper compromise. 

As regards the methods of applying friction to Daguerreotype plates, they are very 
numerous. In large establishments the burface of friction is frequently a circular 
buff(!^, vertically revolving, (gaunt the ffnt side of which the plates arc pressed. 
Amateurs content themselves with some form of manual operation; and, indeed, 
whatever variety of polishing apparatus may be used in first stages, tbc last, techni- 
I cally called laying the grain,’* must be effected by hand. It consists in rubbing the sur- 
fiuic of the plate in one direction^ by means of a buffer, something in the shape of a brush. 

&Wiidleaiiig Use Vlate Sciiisitiwe. — The original agent employed by M. Daguerre 
for ihis pturposo was iodine vapour ; but the amount of sensitiveness thus oomipunicated 
was very slight in comparison with that resulting from many of the compound agents 
now employed. 

M. Claudet, to whose philosophic investigations the art of heliography is so much 
indebted, was the first to notice that**a silver plate, W'bich had already been iodised, 
jnight be rendered still more sensitive by exposure to the action of chlorine. Other 
investigations soon proved that bromine effected a still greater susceptibility. In 
consequence of these di^joverics, iodine is at this time never used alone as the sensitive 
agent. It is either combined with chlorme or brbmine ; and the compound vapours 
are cither used at once, or the different vapours are employed successively. 

Mtethod of Applying the Sonoltlvo Vapoi|ar.— Whatever be the vapour 
omployal for the purpose of rendering a Daguerreotype plate sensitive, the usual plan 
of application is as mllows :<^The solution, or ot^er matoi’ial from which vapour is to 
^be evolved, being plfced in a glass or porcelain dish, the metalfic plate to be acted 
upon is attached to the cover of the dish^ and inverted over the vapour, until, on 
removing the plate from time to time, certain conventional tints appear ; guided by 
these the operator knows when the process has been carried to a sufficient extent. 
On the supposition that the process of tendering sensitive is conducted by successive 
operations, of wkich iodizing is the first, the following details will be applicable. 

Zodisiag. — A few crystals of iodine being evenly distributed over the bottom of 
the pan, the plate to be affected is to bskattached to the cover, and superimposed. The. 
iodine vapour will now rise, attach itself, to the silver, and nroduc^Various sucoossivc 
tints in the following order « 

Paie yellow, 

Deep yellow, 

Blood red, 

Bose colour, 

Blue. 
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colour now seemingly disappears^ altlLOugli in reaJify the 
again ; and by continuing tko operation, the* chromatic aeries will be r^ated in its 
&rmer jnrder. If iodine is to be the only aensitiTO agent cnf^loyed, then the second 
yellow correqsofida Muth the most sensitive epoch ; therefore, on observing this colour 
the plate should be Removed. however, as is now usual, soye additioi^ sensitive 
agent has to be app^^ the operator is albwed a fkr wider of colour to select 
from. The epoch corresponding with either (kolour of the senes may^be selected; but 
each requires itS own corresponding tint to be developed in the neat operation. 

Aecelqjfratiml of SenflitiwoneM—Baoinine. — A plate already exposed to the 
vapour of iodine has its sensitiveness much facrcased by subsequontiy actidjg upon it 
by means of bromincr The most usual plan of employing this agent consists in obtaining 
an aqueous solution ; to the vapour arising from which the plate is exposed. 

« Bromine wffter,’* as it is |eohnically called in the language of Daguerreofyptc art, is 
produced as follows * 
First make a saturated aqueous solution of bromine, 4y dropping some of this body 
into water, agitating, allowing^ subsidence to take place, and finally decanting: alf the 
yftitcr which remains floating above the yet undissolved bromine. One part of this 
solution added to forty parts of distilled water constitutes the bromine water, of which 
the vapour is employed, by exposing the already iodized plate to it in a vessel similar 
to that already employed in the iodizing process. According to Mr. Bingham, there is 
a corresponding tint with bromine vapour for every tint already developed with iodine, 
and at which the maximum amount of successful effect will be developed. A tabular 
view of these tints has been drawn up by this gentleman, and which is here appended. 


Ist. loniNK. 



BaOMtMK. 

Und. loiKEUK. 1 

Straw Colour. 

Yellow. 

.. .. 1 

Full Yellow. 1 

Light Yellow. 

‘ (Jolden Yellow. 

• Bose. j 

Golden Yellow. 

Light Rose. 

Deep Rose. I 

Blood Red. 

Damask Rose. 

Light Blue. J 

Damask Rose. 

■ Deep Rose. 

Blue. 1 ! 

Deep Rose. 

Light Blue. 

Indication of l&oond j 
Yellow, 

• 1 



•1 

i 


This table is drawifup in anticipation of the thisd process of development, not yet 
mentioned, and which consists in submitting the plate once more to the agency of 
iodine vapour. • • 


Instead of using the bromine and iodine separately, they may be coanbined, and the 
process of rendering the j>late sensitive conoluded at one operation. 

Solid Seiuitiwo Agonta* — A great disadvantage attending the employment of 
aqueous solutions m Daguerreotype operatioQq.<arises from the aqueous vapour which 
continually deposits upon the metallic plate^^^^rder to obviate this, certain English 
Daguerreotypists have recommexided the use of what are ordinarily termed bromide and 
iodide of lime respe^vely~<-oompounds formed by bringing hydrate of lime into direct 
contact with bromine or iodine, and which arc the analogues to the so-call^ ** chloride 
of lime.” These compounds answer perfectly well, and are exclusiv,ely used by some 
of our most successful operators. 
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Impression of the Image. — ^After the plate has been rendered sensitiye by 
either of the methods already described, it is in a condition for the image to be 
impressed. This is accomplished by placing it in the camera, and allowing the^^esired 
image to be projected upon it for a sufficient time, which depends upofi many circum- 
stances, such as the ^ower of sensitiveness acquired, !he latitude, tiffie of the year, time 
of the ^y, and colour of the object to be represented. Twelve seconds may be, how- 
ever, regarded ac' a medium. « 

ISerciuialixatlon.— When the plate is removed from the camerfi, no image will 
bo visible^ although impressed. It is developed by exposing the platd to vapour of mer- 
cury, generated at a temperature not exceeding 200'^ ; by preference/ et a tempera- 
ture of 160®. 

* The apparatus for conducting this operation has been variously modified to suit the 
taste of different operators : in principle, however, it ;s exceedingly simple, merely 
consisting of a chamber, on the floor of which a little mercury is deposited, and heat 
applied extehially, until the Resiled temperature (known by a thermometer, tlie bulb 
of which sinks into the mercury, and the stem of which appears externally) has been 
acquired. 

&amowing the fizeess of SenBitiwe <#oating.— As soon as the development 
of the picture has been completed, the excess of sensitive coating remaining upon it 
must be removed, which is accomplished by washing it with an aqueous solution of 
hyposulphite of soda, and finally with distilled water. The proper streng'.,h of the 
hyposulphite solution is one ounce of the salt to a pint of water. The process is con- 
ducted by plunging the plate, face upwards, into the solution, already poured into a 
porcelain dish ; then removing it, and finally washing with distilled water. 

audlng the Plate , — There ate two plans of accomplishing this—elther by 
means of the hyposulphite of gold, or by a mixture of chloride of gold and hyposul- 
phite of soda. The usual strength of hyposulphite of gold is fifteen grains to a pint or 
water. If hyposulphitr* of soda and chloride of gold be used, the solution is to be pre- 
pared as follows : — 

Dissolve 16 grains of crystallized chloride of gold in a pint of distilled water, and 
46 grains of hyposulphite of soda in another pint ; next incorporate the mixturos 
gradually by pouripg the chloride'* into the hypoi^ilphite. The operation of gilding is 
conducted by placing the plate flat, and pouring upon the impressed face sufficient of 
K the liquid to cover* it. The flame of a spirit-lamp is now ve^ cautiously applied 
underneath. Presently the image will tun blackish ; but gradually recovering its 
lustre, will become far more brilliant than before. It is now to be seized at one 
comer by means of a pair of pliers, washed with distilled water, and carefully dried. 
The safest plan of drying consists in dipping the plate into hot distilled water, suddenly 
removing it, promoting evaporation by blowing upon its surface. 

0eneval Ghemical Sffects of Hon-Galozlfle &ftdlant lEattor.— The 
subjects of Calotype and Daguerreotype have been enlarged up^n because of their 
practical importance, rather than in consequence of their afiSording any precise indica- 
tions of their immediate cause. To aver that these phenomena are dependent upon some 
chemical agency, manifested by the sunbeam, is only to express a fact. 

I shall conclude the subject by noticing a few of the instances in which the solar 
rays affect chemical decomposition. 

It is well known to gardeners and agriculturists that growing vegetables require to 
be exposed to light. Most probably, the expression ^ould be modified to “ actinism,*’ or 
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** tithonicity.** Vegetables which grow in darkness arb never vigorous ; more or less, 
their natural secretions are modified, and their coloiv altered : their structure, too, is 
watery. Under those circun^tandes, they do not appear to have been able to decompose 
carbonic acid ahd fix the carbon necessary to their sustenance. A knowledge of these 
circumstances lice at the basis of many horticultural operations^ Celery and endive arc 
rendered delicate by^ studiously protecting them from the light. *For the same reason, 
the interior of a cabbage is white. *Not only is there a difiercnce in the colour of 
vegetables thu^ circumstanced; there are also differences of chemical composition. 
The secrctiipns ar^ all modified. Thus, wild celery is rank and somewhat poisonous, i 
garden ccler^i h innocuous, wild sea>kale is so disagreeable to the taste that it could not | 
be eaten without disgust — cultivated sea-kale is tender, and almost insipid. 

Although the general influence of solar rays on vegetable life is so well known, the* ! 
immediate mode* of agency pf the power~“ actinism,'* “ tithonicity,” “cnergia,”, or | 
whatever we may call it— is still unknown. • 

Mr. Eobert Ilimt, who has devoted so much of fiis attention to the stud]^ of ^on- | 
calorific non-luminous radiant^atter, has arrived at some curious deductions relative ; 
fb the influence of solar rays on vegetables. Ho finds that yellow light is more j 
unfavourable than any other to vcgetaition — blue or violet the most favourable. Now ; 
it has been already shown that these colours correspond with the maximum and mini- i 
mum chemical effect in hcliographic processes. i 

Passing from the natural chemical operations of horticulture and agriculture to | 
those of the laboratory, abundant instances can there be shown of the influence of | 
chemically-acting radiant matter. Chlorine and hydrogen gases may be retained mixed ; 
in the dark for an almost indefinite period ; exposed to diffuse light, a slow combination ; 
takes place,— but if exposed to the broad glare of sunlight, then combination ensues : 
with such readiness that on explosion is the result. Moreover, it is a curious fact)* j 
that if chlorine be exposed to the action of the sunbeam, and afterwards mixed with | 
hydrogen, it will have acquired thejpower of combining with &e latter. j 

Chlorine and carbonic acid furnish another parallel instance. If allowed to remain I 
in contact in the dark, these gases will not imitc ; but mixed and exposed to sunlight, 
combination ensues, and phosgen gas, as it is callpd, with reference to the cau|e of its i 
generation, results. Sir Robert Kan# has mentioned', in addition teethe above, two very j 
curious instances o( chemical action promoted by solar beams. In the dark, or a | 
moderately darkened room, chlorine exerts scarcely any action on pyroxylic spirit ;«j 
whereas, in sunshine,«oombination ensuos with explosive violence. But ^e second, ; 
and still more curious exemplification mentioned by Sir Robert Kane, is the follow'- 
ing:— • 

When that gentleman was in Paris, operaflmg in concert i^ith Professor Dumas, he 
succeeded in removing, by means of chlorine, two equivalents of ^hydrogen from 
acetone, changing it from the original composition, indicated by the formula C, H^ 0, 
to a chlorine compound indicated by Cg H Clg 0^ On no occasion, howeve^— even during 
the height of summer, when operating at Dublin— could he succeed, by a similar treat- 
ment, in removing more than one equivalent of hydrogen, and generating the com^ 
pound indicated by Cg Hg 01 0. 

The foregoing examples will serve to impress the student with the importance of 
that connexion, yet but ill understood, subsisting between chemical action and that 
peculiar associate of light which has been termed by different chemists actinism, 
tithonism, and energia. 


94 


EPIPOLIC DISPERSION OF LIGHT. 


Zinminous Eplpalic Dispersion. — ^Thc tenn cpipolic dispersion was first 
^plied by Sir John H^chcl to indicate a series of phenomena which have also been 
studied by Sir I>avid Brewster, but still more carefully }>y Professor Stokes qf Cam- 
bridge. This latter philosopher has arrived at some very important conclusions 
relative to the class yf^phenomena in question ; the most striking of whiclrbeing, that 
the prismatic spectrum^is not composed of the three different agents, heat, light, and 
actinism, but pf obably two, light and actinism being different functions of the same ; 
and it may be that even the heating part of the spectrum is only a third variety of 
manifestation of one and the same agent. m 

In anticipation of the experiments by which Professor Stokes arrives at his conclu- 
sions, it may be here stated that he imagines his investigations warrant the cqnolusion 
that thff refrangibility of light for each colour is not fixed and invariable as, since the 
time of Newton, has been universally imagined, but that light of one colour admits of 
I being changed, under-certain circumstances, into light of another colour ; and, more 
cur^uslf still, that the actinic or non-luminons part of the prismatic spectrum admits, 
under certain circumstances, of being rendered visible. . ^ 

The phenomenon to which the attention of Sir J. Herschel was first directed ia 
relation to epipolic dispersion of light is one that most persons will have noticed. If a 
weak solution of pharmaceutical disulphate of quinine in water, slightly acidulated with 
sulphuric acid, be regarded under certain conditions of daylight, a peculiar blue opales- 
cence will be observed to pervade its surface, and to extend a short way down into its 
bulk ; but if the light, which has once been transmitted through a solution of sulphate 
of quinine, he made to impinge on another solution precisely similar in all respects, the 
original phenomenon will not be repeated,— thus leading to the inference that (to use a 
popular expression) some peculiar quality of the light has been removed, or sttained 
' away. 

In one experiment performed by Sir J. Herschel, in which sunlight was used, 
a pale blue fiame extenied to nearly half an inch from the surface. As regards the 
dispersed light, this, when analysed by a prism, was found to consist of rays extending 
over a great range of refrangibility ; the less refrangible extremily, however, of the 
spcctri^a was wanting. The dispersed light, on homg analyzed by a tourmaline, 
showed no signs ^f polarization: Another experiment showed that the dispersed 
light was perhaps incapable, at any rate not peculiarly suscep^blc, of being again 
dispersed. ' 

Such is the nature of the phenomenomas evidenced by a ^lution of disulphate of 
quinine ; numerous other bodies, however, both solid and liquid, manifest a similar 
property. Some time before the attention of Sir John Herschel had been drawn to 
the peculiar phenomena of blue epipolic dispersion in a quiniferons solution. Sir David 
Brewster had noticed a peculiar exhibition of red light by certain green vegetable 
solutions-^thc green mailter of leaves, for example. In this case the colour is sot 
limited to a thin stratum of the surface, as is the case with a quii^iferons liquid ; but 
Professor Stokes, nevertheless, considers it to be a phenomenon of the gowe ViTid In 
'both cases the curious point for] contemplation was this A ray of light by 
across a stratum of liquid was deprived of the power to reproduce the original effect ; 
still, in no other respect did it appear to be altered. « I found myself, therefore,” 
remarks Professor Stokes, ^ fairly driven to suppose that the change of naturo consigt^ 
in a change of refrangibility. From the time of Newton it had been believed that 
light retains its refrangibility through all the modifications which it may undergo. 
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Nevortheless, it seemed to me less improbabl/5 that the refiungibility of light should 
have changed, than the nndulatory theory should have remained at fault. Wo ha^ 
only tf^ suppose that the iuvijiblc rays beyond the extreme violet give rise, l>y internal 
dispersion, to olhera which fall wjthin the limits of refrangibility, between which the 
retina of tlie hufhan eye is affected, and the explanation is ob^to^. The narrowness 
of the blue band observed by Sir John Herschel would merely indicate that the fluid, 
though highly transparent with regard to the visible rays, was nearly opaque with 
regard to the invisible ones. According to the law of continuity, the passage firoiu 
almost perftet transparency to a high state pf opacity would not take place abruptly. 
Wo should thus, top, have an immediate explanation of a remarkable circumstance 
connected with the blue band— namely, that it ftan hardly be seen in strong candle- 
light, though readily seen by even weak daylight ; for candle-light, as is wcll,knowii, 
is defleient in the chemical rays situated beyond the extreme violet.” 

Although a solution of disulphatc of quinine is the body in Which the phenomena 
of internal luminous dispersion were first studied, it is no means the only one ; •nor 
is it even that in which the phenomenon in question is most strikingly developed. Tho 
following list comprehends the substances in which the quality of internal luminous 
dispersion is most observable : — 


LIST OF HIGHLY SENSITIVE SUBSTANCES. 

Glass, coloured by peroxide of uranium, yellow uranite, nitrate or acetate of the 
peroxide. Probably various other salts of tho peroxide would do as well. Tho 
absorption bands of the salts, whether sensitive or /lot, of peroxide of uranium, ought to 
be studied in connexion with tho change of refrangibility. 

A solution of tho green colouring matter of leaves in alcohol. To obtain a solutionii 
which will keep, it is well previously to steep the leaves in boiling water. The 
alcohol should not be left pernfanen^ly in contact with the leaves, unless it be wished 
to observe tho changes which, in that case, take place ; but poured off when the 
strength of the solution is thought sufficient. Also the solution, when out of use, 
must be kept in the dark. 

A weak solution of the bark df the horse-chestnut. 

A weak solution #f sulphate of quinine— i. e., a solution of the^common disulphatc, 
in veay weak sulphuric acid. Various other salts of quinine ai*c nearly, if not quite, 
as good. 

Fluor spar (a certain green variety). 

Red sea- weeds, of vaiious shades ; a solution of tho red colouring matter in cold 
water. If a solution be desired, a sea- weed must be used which has never been dried. 

A solution of the seeds of Batura atramniwn in alcohol, not too strong. 

Various solutions obtained from archil and litmus. 

A decoction of madder in a solution of alum.^ 

Paper washed with a pretty strong solution of sulphate of quinine, or with a solu- 
tion of stramonium seeds, or with tincture* of turmeric. The sensibility of tho last 
paper is increased by washing it with a solution of tartaric acid. This paper ought to 
he kept in the dark. 

A solution, not too strong, of guiacum in alcohol. 

Safflower-red, scarlet cloth, substances dyed red with madder, and yanous other dyed 
articles in common use. 
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Many of the solutions here mentioned are mixtures of yarious compounds. Of 
o^iuse if the sensitive ^ubstancr can bo obtained chemically pure it will be all the 
better. . ^ f. 

The following are the chief deductions which have been arrived Kt from a consi- 
deration of Professo^. SHioke’s experiments 

1. In the phenomeiTa of true internal dispersion, the refravgibility of light is 
changed, incident light of definite refrangibility giving rise to dispersed light of 
various re&angibilities. 

% Tbfe refrangibility of the incident light is a superior limit to the rdrrangibility 
of the component parts of the dispersed light. 

' 3. The colour of light is in general changed by internal dispersion, the now colour 

always '“changing to the new refrangibility. It is a matter of perfect indifference 
whether the incident rays belong to the visible or invisible part of the spectrum. 

/4. T^e nature and intern Ity of the light dispersed by a solution appears to be 
strictly independent of the state of polarization of the incident rays. Moreover, 
whether the incident rays be polarized or unpolarizerl, 'the dispersed light offers no 
traces of polarization. It seems to emanate co^uolly in all directions, as if the fluid 
were self-luminous. 

5. The phenomenon of a change of refrangibility proves to be extremely common, 
especially in the case of organic substances, ei^h as ''those ordinarily met' with, in 
which it is almost always manifested to a grearor or less degree. 

6. It affoi>ds peculiar facilities for the study of the invisible rays of the spectrum 
more refrangible than the violet, and. of the absorbing action of media with respect to 
them. 

7. It furnishes a new chemical test of remarkably searching character, which seems 
likely to prove of great value in the separation of organic compounds. The test is spe- 
cially remarkable for this, that it leads to the independent recognition of one or more sen- 
sitive substances in a mixture of various compounds, and shows to a great extent, before 
such substances have been isolated, in what menstrua they are soluble, and with what 
agents 4hey enter into combinatiojn. ' Unfortunately, jtblese observations, for the most 
part, require sunli^t. 

8. The phenomeha of internal dispersion oppose fresh difficulties to the supposition 
of a difference of nature in luminous, domical, and phosphorogenic rays, but are 
perfectly conformable to the supposition that the production of light, of chemical 
changes, and of phosphoric excitement, are merely different effects of the same cause. 
The phosphorogenic rays of an electric* spark, which, as is already known, are inter- 
cepted by glasi^i appear to bp nothing more than invisiblo rays of excessively high 
refrangibility, which there is no reason for supposing to be of a different nature from 
the rays of light. 

The reader who desires further infoQnation relative to this novel and curious 
subject will find it treated at greater length, and in a more practical manner, in the 
volume of Apflisd Ohemistky, which will succeed this volume. 
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OF HEAT OR CALORIC. 

Geneial Observations on Heat-^—Wlien we apply the hand to a body which 
is hotter than itsglf} we are sensibte of a peculiar feeling, which we agree to call the | 
sensation of heat. At the same time we obserye, in almost all bo£es that are placed in 
the same situation \Ath*thc hand, certain effects, the most remarkable* of which ia an 
enlargement of •their dimensions. These circumstances, with very few exceptions^; so 
constantly |ccompluiy each other, that we can have no hesitation in rcfeTrin|; them ta 
one and the sgne cause. Of the nature of tbiis cause we have no satisfactory evidence *, 
and wc are unable td demonstrate cither that it consists in any general quality of bodies, 
or that it resides in a distinct and peculiar kind of matter. The opinion, l^owcvcr, * 
wliich best explains the phenomena is that which ascribes them to an extremely subfile 
fluid, of so refined a nature as to possess no sensible weight, and to be capable of 
insinuating itself between the particles of the most^denie and solid bodies. ,To ^is 
fluid, as well as the sensation '^hieh it excites, the term heat was formerly applied. 
Ikit there was thought to be an obvious impropriety in confounding under one appella- 
tion two things so distinct as a sensation and its cause ; and the term caloric, first 
proposed by Lavoisier, is now frequently adopted to denote the cause of heat. Occa- 
sionally, however, in order to avoid too frequent repetition of the same word, the term 
lieat is stiil employed in a more extensive sense, to express not only the sensation which 
it usually denotes, but also some of tSb modifications of .caloric ; and as the context 
generally shows in which sense the term is to be understood, I shall not ^ruple to use 
it in both. ^ 

Caloric, so fai' as its chemical agencies 'are concerned, may be chiefly considered 
under two views — as an antagonist to the cohesive attraction of bodies, and as concurring •• 
with and increasing elasticity. By removing the particles of any solid to a greater 
distance from each other, thdr cohesive attraction is diminshed ; and one of the 
principal impediments to their union with other bodies is overcome. On the other 
hand, caloric may be infused into bodies in such quantity as not only to overcome 
cohesion, but to place their particles beyond the sphere of mutual attraction, Thus, 
in the class of substances called gases^thc base or ponderable ingre^ent, whether solid 
or liquid, is dissolved in so much caloric, that, with few exceptions, the bases of 
di^rent gaseous bodies do not unite by simple mixture of the gases themselves. But 
if of two gases wc cmj^oy either one or both in a state of great condensation, the 
gravitating matter of both unites, and forms a new compoimd. Hydrogen and nitrogen 
gases, for example, may be mingled togethej^ in tl^o proportions adapted to form 
ammonia, without any production of that com^und. But if hydrogen, in what has 
been called its nascent state (that is, before It has acquired an atmosphere of heat, and 
become gaseous), be brought into contact with nitrogen gas, ammonia is then generated* 

In many cases, also^hcn two bodies are combiifbd together, one of which is fixed, and 
the other becomes clastic by union with caloric, we are able, by its interposition alonO) 
to effect their disunion. Thus carbonate of lime gives up its carbonic acid by the 
mere application of heat* 

We may consider, then, all bodies in nature as subject to the action of two opposite 
forces — ^the loutual attraction of their particles on the one hand, and the repulsive power 
of caloric on the other ; and bodies exist in the solid, liquid, or elastic state, as one or 
the other ot these forces prevails. Water, by losing caloric, has its cohesion so much 
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EXISTENCE OF CALOKXC IN OIFFEBBKT STATES. 


increased, that it assumes the solid form of ico ; adding caloric, we diminish its cohe> 
sion, and again render it fluid; fLid finally, by n btill fur&er addition of caloric, we 
change it into vapour, and give it so much elasticity, tha^ it may be rendered capable 
of bursting the strongest vessels. In many Hguids, the tendency to c&sticity is even 
so great, that they at common temperatures, to the gaseoiis foim, by the mere 
removal of the wcigl^ of* the atmosphere. . ' 

Caloric, like bll olher bodies, may exist in two different states — ^in a state of firec- 
dom, and in a state either of combination or of something nearly resembling it. In 
tilte fiaimer state it is capable of exciting the sensation of heat, and of prodiir.img expan- 
sion in other bodies. To this modification the terms free or unmnUned ealoTtCj or caloric 
of temperature^ have been applied. By the term temperature^ wo arc to understand the 
^te of .1 body relatively to its power of exciting the sensation of hca^ and occasioning 
expansion ; c&cts which, in all probabiliJfcy, bear a propartion to the quantity of free 
calorio in a given spado, or in a giyen quantity of matter. Thus, what wo call a high 
temperature may be ascribed Vo the presence of a large quantity of free caloric ; and a 
low temperature to that of a small quantity. We arc ur acquainted, however, with the 
extremes of temperature ; and may compare it to a chain, of which a few' of the middfo 
links only aro exposed to our observation, while" its extremities arc fai* removed from 
our view. 

The degree of expansion produced by caloric, it will afterwards appear, bears a 
sufficient proportion to its quantity to afford us a moans of ascertaining the Idtter with 
tolerable, though not perfect accuracy. In estimating temperature, indeed, our senses 
are extremely imperfect ; for we compare our sensations of heat, not with any fixed or 
imiform standard, but with those sensations of which yre have had immediately previous 
experience. The same portion of water will feef warm to one hand removed from 
' contact with snow, and cold to the other hand which has been heated before the fire. 
To convey, therefbre, apy precise notion of temperature, we are obliged to describe the 
degree of expansion produced in some one body, which has been previously agreed upon 
as a standard of comparison. The standard most commonly employed is a quantity of 
C[;u£cksilvGr, contained in a glass ball, which terminates in a long nanow tube. This 
instmii^nt, called a thermometer^ is of llie most important use in acquiring and recording 
our knowledge of the properties and &ws of cah>ric! The ^ermometer, however, it 
must be obvious, is no otherwise a measurer of the quantify of cabric than as it asoer- 
' tains the amount of one of its principal effects. In this respect, it stands in much the 
same predicament as the hygrometers of Saidssure or Deluc, wlten considered as means 
of determining the moisture of the atmosphere. These last instruments, it may be 
remembered, are composed of some substance (such as a human hair or a slip of whale- 
bone) which is lengthened by a moist atmosphere, and contracted by a dry one ; and in 
a degree proportionate to the moisture or diyness. But all the information which 
hygrometers of this sort give us is ihe degree of moisture betweeil^ertam iK>ints that 
form l3ie extremities of their scales ; and they are quite incompet jnt to measure the 
absohiie quantify of watery vapour in the air. 

In explaining those properties and laws of caloric which have become known to us 
by means of the thermometer, it appears a sufficiently natural divirion of the subject to 
describe, firstly, those effects which caloric produces, without losing its properties of 
, exeitmg the sensation of heat and occasioning expansion ; and, secondly,' those agencies 
in which its characteristic properties are destroyed, and in which it ceases to be 
cognizable by our senses or by the thermometer. 



TENDENCY OF FREE CALORIC TO AN EQUILIBRIUM. 


Tha expantion or dUataiion of bo^es, will appear^ is an almost uxdyOTsal 
efiect of on iacreaso of temperatoro. Its a^ount^thowevor^ is i^ot tbe same in 
bodie^ but differs very essentially. By the same increase of temperature, liquids 
expand more than solids, and aeriform bodies much more than either. Nor is the same 
quantity of expans!ion e^to4 in^e same solid or liquid, at all temperatures, by adding 
similar quantities of heat ; for, generally freaking, bodies expanJl by equal increments 
of caloric, more in nigii than in low^emperatures. The explanation cf this fact is, that 
tho fbroc oppo^ng expansion cohesion) is diminished by the interposition of caloric 
between tl^ parties of bodies ; and, therefore, when equal quantities of ^aloric are 
added in suoscRsion, tho last portions meet with less resistance to their expansive force 
than the first. In *gasca, which are destitute of cohesion, equal increments of heat 
appear, on the contrary, to bo attended with nearly equal augmentations of bq)k. 

An important property of free caloric, Jho knowledge of which has been acquired 
by means of tho thermometer, is its tendency to an equilibrium. Twenty or thirty 
difibrent bodies, for instance, all unequally heated, loonftrrivc, when expose^in % still 
atmosphere, at an equality of J;cmpcrature. When a heated ball of iron is exposed to 
the open air, the caloric, which is accumulated in it, flows out ; and the temperature 
of the ball is gradually reduced to that of the surrounding medium. This is owing to 
two distinct causes : the air immediately surrounding the ball acquires part of the 
caloric which escapes ; and, having its bulk increased, is rendered specifically lighter, 
and asccK.ds. This is succeeded by a cooler and heavier portion of air from above, 
which in its turn is expanded, and carries off a second quantity of caloric. Hence a 
considerable part of the caloric, which is lost by a heated body, is conveyed away by 
the ambient air— a property of which advantage taken in the warming and ventilating 
of apartments. But the rofrigocafipR cannot be wholly explained on this principle ; for 
it has been long known that heated bodies cool, though with less celerity, under thef 
exhausted receiver of an air-pump, and even in a Torricellian vacuum. 

When the phenomena accdknpan^ng tho cooling of bodies are accurately oxmined, 
it is found that a part of the caloric which escapes moves through the atmosphere with 
immeasurable yclocity. In an experiment of M. Pictet, no perceptible interval took 
place between the time at whieh caloric quitted a heated body, and its reception by a 
thermometer at the distipee of «ixt 3 irninc feet. It^ppears also, ifom, the experiments 
of the same philosoj^er, to move with equal case in all directions^ and not to be at all 
divertedj from its course by a strong current of air meeting it trapsyeisely. Hepeo it* 
follows that the propajigtiop of caloric, in^his state of rapid movement, does not 4&pend | 
on any agency of the medium through y'hieh it passes. This was satisfactonly proved 
by Sir II. Davy, who pontrlved, by mcah% of the apparatus represented on the 
foUowing page, to effect the radiation of heat in vacw. Between the points of two 
wires, inclosed in gloss tubes, which passed through a brass plate, was pl^cd a piepe of 
charcoal, which was intensely ignited by voltaic electricity, and the effect of radiation 
in tho focus of th% lower concave mixror was boertained by a delicate thermometer, 
first when the receiver was full of air, and next when it was eidiAusted to In the 
latter case, tho effect of radiation was fodnd to be three times greater than in an 
atmosphere of common density. The greater rise of the thermometer in vacuo than in 
air is to \)c ascribed to tlic conducting power of tho latter ; for this conducting power, 
by reducing the temperature of th? heated body, has a constaut tendency to dimmish 
the activity of radiation, which is always proportional to tho excess of temperature of 
the heated body above that of the surrounding medium. 


>0 newton’s law of refrigeration. 


Heat is invisible, and devoid of weight. The latter proposition may be demonstrated 

p «, by weighing a portion of oil of vitriol and 

^ X another of water, mixing the two, whei^ great 

j! ][r heat will be developed. Allowing the mixture 

i ^ I ' to cool, and finally weighing* it when cold, the 

^ M c weight will not be altered^ It is elastic and 

^ repulsive; * hence two 'heated bodies, placed 

f ^ r\ ^ under the vacuum of an air-pudip, and admit* 

^ ting of free motion, repel each other^ 

J Another and moro elegant means of demon* 

strating the same fact was pointed out by 
^ Professor Baden Powell. It is as follows If 

a Iqps be laid with j ts convexity on a glass plate, 


I and the eye dire6t(Sd vertically upon it, coloured 

j rings wilj be seen dependent, as was shown in 

I the chapter on light, upon the varying, approxi- 

1 [ I mation of the lenticular convexity to the glass 

I — ^ « — — — J — ^ — I plane. If the combination be hoisted, the 

f colours of the rings will change, proving that 

repulsion has taken place. 

Like light, heat appears to he transmitted 
' in parallel rays ; and when thus in motion, it 
has been called radiant caloric. The compara- 
tive quantities of caloric lost by radiation and 
by conduction may be jipproximated by observing what time a body takes to cool, 
through the same number of degrees, in air and in ■^cuo. By experiments of this kind. 
Dr, Pranklin thought he had ascertained that a body, which requires five minutes in 
vacuo, will cool in air, through the same number of degrees, in two minutes. Count 
Bumford’s experiments with a Torricellian vacuum, give the proportions of five in 
vacuo to three in dir. It will, perhaps, not be very remote from the truth, if it be 
^stated, in general terms, that one half of the caloric lost by a If^atcd body escapes 
by radiation, and that the rest is carried off b^ the ambient atmosphere. 

The rate of cooling in air appears to bear a proportion to the elevation of temperature 
of a body above that of the surrounding medium. Hence, in part, it is that a heated 
body, during refrigeration, loses unequal* quantities of caloric in equal times. Tho 
series makes sonte approach to a geometrical one. Thus, supposing tho temperature of 
a body to be 1000 degrees above the surrounding medium-— 

* <. 

In the first minute it will lose of its heat, or . . '^300° 

In the second ire of the remainder = 90** 


In the third 


This law of refrigeration, originally laid down by Newton, though nearly accurate 
at low temperatures— I. between 68° and 86° Fah.— -it has been shown by Ddaroche, 

♦ Fresnel, “Ann. Chem. Phys.,” 29, 57, and 107. 
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is far from being so at high ones ; and hi| objections have been fully confirmed by 
Petit and Dulong, who have proved that the error increases as the temperature 
augragnts, and at length becomes enormously great.* * 

According to M. Quetelet, the following is an abstract of the researches of MM. 
Dulong aifd Petit in this important inyestigation : — 

When a body ^ols, it is necessary to take cognisance rtf tie loss occasioned by 
radiation as well as that referable tfi contact with the air. 

If it wcre*possible to observe the rate of cooling of a heated body placed in a 
vacuum, bf)undc^by a limit absolutely devoid of heat, and deprived of the faculty of 
radiating, tlie* velocity of cooling woidd decrease in geometric ratio, whilst the tem- 
peratures would dimini^ in arithmetic ratio. The temperature of tho vacuum 
containing the heated body being supposed to remain constant, the rapidity of cooling 
of the latter, as^egords its excess of heat yver that of the vacuum, would decrea^, as 
the terms of a geometric proportion diminished, by a constantsnumber. The ratio of 
this geometric progression is the same for all bodiel, bejftig equal to 1*0077. 

The rapidity of coolin^uq vacuo for the same excess of temperature increases in . 
*geometrlc proportion, the temperature of the inclosed space increasing in arithmetic 
proportion. Hence tho relation of the progression still remains 1*0077 for all bodies. 
The rapidity of cooling referable to the simple contact of a gas is altogether independent 
of the nature of the surface of such bodies. The rapidity of cooling due to the simple 
contact \)f a fluid varies in geometric progression, whilst the excesses of temperature 
themselves vary in geometric proportion. If the ratio of this second progression be 2, 
the ratio of the flrst is 2*35, whatever may be the nature of tho gas, and the degree of 
its elastic force. This law may also be cnonciajcd by saying that the quantity of heat 
removed by a gas is in all cases proportional to the excess of temperature of the body 
elevated to the power of 1*233. Tho cooling power of a fluid diminishes in geometrit 
progression, when its tension also diminishes in the same profession. If tho ratio of 
this second progression be 2, ^he rqtio of the former is 1*366 for air, 1*301 for hydrogen, 
1*431 for carbonic acid, and 1*415 for olefiant gas. 

Tho law may be presented also under a third aspect, as follows : — ^The cooling 
power of a gas is, ceUria paribus j proportional ^o a certain force of pressuire. The 
exponent of this power, whichT depends on the nafhro of the gas^is 0*45 for air, 0*315 
for hydrogen, 0*51j[ for carbonic acid, and 0*501 for olefiant gas. The cooling power of 
a gas varies with its temperature in such manner that, provided suc^ gas be dilatable^ 
and that it preserve i|s elastic force, the fooling power will be diminudied by rare&ction 
of the gas, in direct commensurate proportion with the amount of its augmentation by 
heating, in such a manner that the tension qf the gas alone remains to be estimated. 

The movement of caloric by radiation occurs only in free space, or through trans- 
parent media. It appears to be the same through all the different vafieties of aeriform 
bodies ; though, as will afterwards appear, the gases differ materially ihim each other 
in their eonduetinp power. Caloric radiates %rom bodies at all temperatures, but the 
* quantity radiated in a given time bears some proportion to tho excess of the temperature 
of the hot body above that of the suzrouiiifling medium. So also does its wUnsiip or 
tenrion, for the higher the temperature of its source, the more readily, eeteriapsaribmf 
does ranted caloric penetrate glass and other diathermaaousf transparent bodies. And 
if we have any number of bodies at different temperatures in the vicinity of each other, 

* “ Atinitiii of Philosophy,” vol. xiiL 4 This term will he presently explained. 
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they may all, agreeably to the ingenious theory of M. Prevost, be considered both as 
'radiating and receiving cfdoric ; but the hot ones will radiate more than they receive, 
while the cold ones will receive more than they radiate. , <- 

The process of radiation appears to be constantly going on from thd surface of the 
earth, and it ia partly tn this principle that we are to explain why thfc heat’, which our , 
planet is incessantly rocriving from the sun, does not accumulate t/» such a degree as to 
render it a less fit habitation for man. The periocf when radiation from the surfaco of 
the globe is most discoverable by its effects, seems to be during the night, cspooially 
I when the sky is perfectly unclouded ; for a covering of clouds sorvcs'ns a mintlo to the 
• earth, ^'htteli hot only prevents the free escape of radiant heat, but probllbly radiates it 
i hank to the cartli’s surface. Under favourable circumstances, it has been shown by 
; *Dr. Wells, that the temperature of the ground, especially when its covering is formed 
of spme substance that radiates freely, is several degrees below that of 'the atmospheric 
stratum, a few foet abeve it. It is this diminished temperature of the earth’s surface 
thatioccg^ions the deposition 6^ dew and hoar frost, which are always observed to be 
most abundantly formed under a clear unclouded sky. , 

BAdiaAt Vast . — Belative faeilitp with which transparent bodies admit the passage 
ef radiant heaU — ^Thc difficulty with which radiant heat evolved from certain sources 
traverses glass and other transparent materials, was noticed at a very early period ; and 
the geueralisatiou, very incorrect as will be seen, was arrived at, that radiant boat from 
no terrestrial source could permeate glass or other transparent body. This opinion was 
demonstrated by Professor Biando, in the year 1820, to be erroneous, for one source of 
terrestrial radiant heat at least ; namely, that developed from charcoal points under the 
influence of voltaic electricity.* 

Professor Daniell subsequently demonstrated a similar result for incandescent 
litte.f ^ 

But an experiment is scarcely needed to show the fallacy of the assumption. Any 
one who stands outside L glass window whilst a ga^jet is suddenly lighted inside, must 
he sensible of the passage of heat. 

The gcneralhmtion that no tra]].sparcnt body would admit the passage of tcrre^rial 
radiant heat being found untenable, a. question arose as to the nature assumed by the 
beat daring its passage through the transparent boJy. On tho one hand, it was argued 
that the heat traversed the intercepted layer by radiation, as it traverses air and other j 
^aaes t <m the hand, it was orgued that on coming into contact with one side of 

Iwtca^ptcd layer, the radiant heat was absorbed, and passed, by conduction to the 
other ifldo tite layer, whence it was finally radiated away. M. 'Pre^st settied this 
coiflswcriy by a veiy ingenious expertm^t. He used, as his inteiposed tnuBparsnt 
s e^oe tt , a sheet of water issuing from a fountain; still beat was recognised Oh the 
ftffflter hide, which result could only be attributable to the passage of heat by radia- 
tion. 'Hot anly is water a bad conductor of heat, hut the conductioD, if it had token . 
placa,^would been in tiie direction of tim water from the fotuQtain, not at tight . 
to ft 

Ho pmeki geileraltaation of the laws aifteting the passage of mdianl heat through : 
OBcmaparint bo(&a was, however, aartived at, until the adoption of an instrument jnorc 
than tho itkmmatftar as lOi indicater of temperature. !This MniiBsnt 
wiidbiimd hLl9i» of initnii&^t dependent on oMxieity 

^ ■ t “PWl. ifog-;* NeWfiterio8,p. d§h . 
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as its prime motiTo agent, and wbich, tinder the head of Elootricity, wilhbe fully 
desoribod. • 

In tho hands of Signor McUoni,* Professora ForbA, Powell, and other philosorphenv 
I this inftrumcnt,has domonstintod the remarkable fact, that tho transparency of a sub* 
stance has ])o necessary relation la its function of transmitting radiant heat. Hence 
^ arises tho necessity for terms corresponding with transparency opacity, as appEed 
^ to light. The expiKssion, iransenUj^cy^ has been applied to indicate the function of 
I allowing the passage of radiant heat, and non^^iransenlettey the revcttc. Hence, irc i 
( hayo transcalent and non-transcalcnt substances, — otherwise called diathermanons 
‘ and a'-diathirmpnous, and corresponding with the eiqiressions dmphmous and a^effa- 

pJuiiMua, 

I ACelloni’s experiments demonstrated furthermore that the ability of radiant heat to 
pass through triyiscalent sheets, Toried according to Ihe source from which the heat 
emanated*— and that, of all sifbstanccs tried, only rock-salt was endowed with the power 
of transmitting a constant amoimt of heat— from j^ha^er sdlircc derived. Hence, 
I'OckHBalt is tho most diathermanons or transcalent body known, and may be ctmaideired, 
in relation to heat, as poifecti/ u hito tiansparent glass is to light On the other hand, 
the transparent suhstanco which, of all others, opposes the greatest resistance to the 
passage of radiant heat, is sulphate of copx>er. Kock**salt transmits, according to 
Mclloni, 92 per cont. of radiant heat impinging upon it, from whatever source derived j 
I whilst, op the other hand, a plate of sulphate of eoppei*, equal or even less as to 
thickness, transmits none it is the pret^isc analogue of opacity. It has been also 
, demonstrated by Mclloni, that radiant heat from any given source, having sufTcred 
I diminution by x^ssing through a transcalent medium, should be capable of passiiig 
through other similar media with less proportionate loss than it experienced on passing 
through the first. Thus, tho heat which lias already traversed ono plate of glass, 
becomes less 6iuK*cptiblo of absorption on passing through others; and on estatdisfahig' 
the proportion of loss in a thojisand parts, it was found that 1000 rays of heat from 
tho fiame of an oil lamp, 4dl wore intercepted by four plates of*gk^ equal tiiii^ess. 
Of these rays, 381 were intercepted by tho first plate, 43 by the second plate, IShy the 
third, and the remaining 9 by the fouith. This result loads to tho supposition that just i 
as tliere are dxfRsront colours of ^ght, so, if the tbrpi be permitted, axe there j^^Ebrest 
colours of heat ; that radiant heat c^sists of a mixture of thesc^lcmrs, from whidi 
ono or more haviif^ been abstracted by one particular mefium^ the tnmsBiitted heal 
radiates throu^^ other media of similar Mnd without subsequent loss. * 

It has boon pertindhtly remarked by rirofossor Badem Powell, t frwt the per eentage 
indication of light transmitted through screens, as employed by McSloni,* creates the 
assumption that the heat is of one kind ; whereas the reardts acre only acooidai^ with 
tho assumption that it is oif many kinds. Professor PowcU also object to the dhision 
of radiaiit hoot into thiA from luminous and ntm-luminous sources. Ho predse £»* 
tinction of this kind, it is argued, oan be lai^ down ; ibr alihough certain qualities 
(colours, BO to sd|) «f heat may predominate in either eaae, yet the only resulting 
variatiem te one of eneees or diminution of pne set of ray or rays. 

It is sai opinion also of tiie above-mentioned pStilosc^er, that tho xhenennexm con- 

* VuU papers in the “Ann. dcChim.”and « Ph.” LIH. and LV., also “ TayloriBgoien* 

tide MenaoirB,*' 1. and JU* 

f Royal Irstitution Reports. Report of Professor B. PowcU’s lectui c, Priday, April 28, 1882. 
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aected interesting subject point to the identity of cause for light andT heat. 

Thus both depend on corpuscular vibrations, and arc explicable by an extension of the 
luminous undulatory t^ory, wbdeh has been treated of in the chapter on light. Pro- 
ibssor B. Powell is inclined to refer the different qualiticn (colours) of radiant ^ueat, to 
a difference in the length of wave line exclusively. Professor Forces, whilst partially 
agreeing in this viejrf suggests the coexisting agency of some undetermined element, 
i^fessor Mellon! doesoiot accede thus far : he is in &vour of ithe-cxistsnce of calorific 
emanations altogether different, even as*to their original cause, from tjiose of light. 

It would be incompatible with the limits and the intentions of tl^is treatise to follow 
' out the subject of diathermaniety and its converse in detail. I will, thcrefdfe, conclude 
by citing the concluding generalization of Professor Baden Powell, as C3;{)rcssed in his 
paper, read before the members of the Koyal Institution. 

* A^body heated below luminosity begins to give out rays of large yrave-length only. 
A^it increases in luminosity it continues to send out these, and at the same time others 
of diminishing wave-lengths, till at the highest stage of luminosity it gives out rays of 
all jvav^lengths, from those ^f the limit, greater than the red end of the spectrum, to 
those of the violet end, and possibly less. r. r 

** Bays of all these species arc transmissible and refrangible by rock-salt ; and many 
of them, with numerous specific distinctions, hf other media. They aio all more or 
less capable of exciting heat when absorbed or stopped ; though in some the effect is 
perhaps insensible. Both this property and that of their transmissibility seems to 
depend, in some way, on the wave-lengths, although in no simple ratio to it." 

The absorptive effect due to texture of surface has some direct relation to the 
magnitude of the wave-length, especially near the limit ; while that due to darkness of 
colour is connected with shorter w«^ve-lengthB— such as belong to rays within the 
limits of the light spectrum ; and in any case when a ray impinges on any absorbing 
'^substance, its vibrations being stopped, communicate to the molecules of the body 
vibratory movements of^such a kind as constitute heat of temperature. 

The peculiar molecular constitution of bodies, <which determines their permeability 
or impermeability to rays of any species, gives rise to all the diversities of effect, 
whether luminous or calorific. 'We thus escape all such crude ideas, at once difficult 
and un^hUosophical, as those eithep of two distinct material emanations producing 
respeotively heat and light, or of a conversion of ftie into the other ; and obtain a view 
far more simple and consistent with all analogy.”* 

Polazization and Boubla aafincUon of Radiant Boat.— The many 
analogies subsisting between light and radiifiit heat, created aff d priori opinion that 
the latter might be polarized. Berard and Professor Forbesf first demoxistrated 
the correctness of this idea. They succeeded in polarizing heat (non-luminous} 
by the agency of reflection. Subsequently Melloni effected a similar polarization by 
transmission through mica and tourmaline rospectiyely. I deem it unnecessary to treat 

Porthe.eonTenienee of those who desim to study this interesting subject more deeply, the 
following additional reflerencos to hooks and papers relating to it is appended * 

Vide 1. “ Two Reports on the State of our Knowledge of Radiant Heat,” by Professor Baden 
Powell. ** Brit. Assoo. Reports,” 1832 and 1840, *(These papers supply copious references.) 

2. A paper by the same in ** Phil. Trans.” for 1823. 

8. Knoblauch's Researches,” translated in ** Taylor's Scientific Memoirs,” parts XVIII. 
and XIX. 

4. Powell on the " Undnlatory Theory Applied to the Dispersion of Light," pp. 71—122. 

+ "Phil. Mag.,*' 1885. 
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more in detail on this subject, seeing that the phenomena of polarized l&at arvso pre- 
cisely accordant with those of polarized light, abeady treated of in detail in the chapter 
on light. 

Calofic, besides radiating ^through transparent media, is capable, also, of passing 
through dense and opaque bodies, though with prodigiously impaired Telocity. Thus 
a long bar oi iron,^heatcd at one end, requires considerable time ft J>ecome hot at the 
other. This property intbodies has b^en called their conducting power, and it exists, j 
in different bodie^, in very different degrees. )t is not, however, found to bear a pro- ; 
portion to any othe:( quality of bodies, such as their densities, &c. 

All the j^opOTtics of caloric, which have been hitherto described, belong to it | 
when supposeef to be in a free or uncombined form ; for it continues to produce the | 
sensation of heat, and to expand the mercury of the thermometer. In the instances of i 
its agency, also, tl^at have been mentioned, no permanent change of form or eff pro- j 
pcrtics is effected in the bodiea*which have imbibed caloric. A bar of iron, after beiiijg j 
expanded by heat, returns on cooling to the same st|te beforS, and c:diibit8 all its 
former qualities. In certain cases, however, caloric is Sorbed by bodies, with the 
loss of its distinguishing properties. It can then be no longer discovered by our senses 
orly the thermometar ; and it produces important and sometimes permanent changes 
in the bodies into which it enters. * 

Those effects of caloric, in the production of ivhich it loses its distinguishing pro- 
perties, may be classed under two general heads. 

1. Bodies^ in passing from a denser to a rarer siate^ generally absorb caloric , — ^Thus 
solids, during liquefaction, imbibe a quantity of caloric, which ceases to be apparent to 
our senses or to the thermometer ; or, as it has been termed, becomes latent. In a 
similar manner, solids and liquids, during theirt conversion into vapours or gases, 
render latent a quantity of caloric, which is essential to the elasticity of the new 
product. In common language cold is, in such cases, said to be produced ; but by the 
production of cold we are to understand, in philosophical language, nothing more than j 
the passage of caloric from a free to a«latent form. 

2. Bodies, by an increase of density, mostly evolve or give out caloric, which passes from 
a latent to a free state, — The simplest illustration of this law is in the effect of ham- 
mering a piece of metal, which may thus bo intensbl]^ heated, while all that is perma- 
nently effected is an augmentation of ifti density. Liquids by becomftg solids, or gases 
by conversion into liquids, also evolve caloric, or produce an increase of temperature. 

A pound of water condensed &om steam, will render 100 pounds of water at 50** warmer 
by 11** ; whereas a poun<l of boiling water will produce the same rise of temperature in 
no more than about 15 J pounds. This is owing to the much greater quantity of 
caloric, existing in a pound of steam, than in a^pound of boiling water, though steam 
and boiling water affect the thermometer jn precisely the same degree. « 

It is a question which has excited considerable interest among j^osophers, w'hcther 
caloric, when thus absorbed and rendered latent,^ enters into chemical combination, or 
is merely united by the same kind of ties as that portion of caloric that produces the 
temperature of bodies. Does ioe, for example, when changed into water, form a 
chemical union with caloric, similar to that wnich exists between potassa and sulphuric 
acid ? Such appears to have been the opinion of Dr. Black, who, by the powers of an 
original and well-directed genius, discovered, about the year 1760, the greater number 
of those facts, that formed the ground-work of the theory of latent heat. The resem- 
blance, however, between chemical union and the disappearance of caloric, which, on 
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first view, appears extremely striking, will be found, it must be confessed, less close on 
a nearer examination ; for calo^c may "be made to quit those bodies, into which it has 
' entered with a loss oi' its pcc^iar properties, merely by reducing their temperature ; 
whereas chemical combinations in general cannot be ^destroyed, except by the inter- 
ference of more energetic affinities. In opposition' to the foregoing .theory, it has been 
contended that the%b|jprption of caloric by bodies is a consequence of wbat bas been 
called a changy of their capacity. Thus ice, it v: supposed, id bciboming water, has its 
capacity for csdoric increased, and the absorption of caloric is rcgai'dcd as a consequence 
of this increased capacity. This theory, however, is deficient, inCismUch as it fails to 
explain what is the cause of that change of form, which is assumed to pecount for the 
increase of capacity. Notwithstanding this obvious objection,* I have retained the 
term capacity to express, in the abstract, that power by which bodies absorb and render 
latent'different quantities of caloric ; or the property of requiring more or less caloric 
for raising their tcmiperaturc an equal number of degrees. The absorption of caloric, 
then, will always he owing (3 aii increase, and its evolution to a decrease, of capacity. 
The use of these terms may he exem|dified by a slight change of the perspicuous 
language of Dr. Crawford. The capacity for containing caloric,” he observes, “ tnd 
the absolute caloric contained, are distinguished as a force from the subject upon which 
it operates. When we speak of the capacity^ wo meOn a power inherent in the heated 
body ; when we speak of the ab&olute calorie^ wc mean an unknown principle, which is 
retained in the body by the possession of this power; and when wo 8p:ialc of the 
tewperneturef'^Q consider the unknown princixde as producing certain effects upon the 
thermometer.”* 

As the capacities of bodies dctcimine their relative quantities of caloric, it seems 
reasonable to conclude that, if wc can ascertain how much caloric a body absorbs or 
gives out in chauging its form, and in what proportion its capacity is at the same time 
altered, .we may deduce the aUolute quantity of heat which it contains. Now it will be 
afterwards shown that the heat, evolved by water in freezing, is equal to 140*' ; and 
the capacity of water has been stated to bear to that of icc the proportion of 10 to 9. 
Water, then, in becoming icc, must give out -^th of its whole caloric ; and, as this 
amoimts to 140% ten times 140 (or ,1400^} is the whole quantity of caloric in water at 
the temperature o{ 32=* ; and, deducting 140 ffqpi 1400, wo have 1260'" for the caloric 
contained in the ice itself. This method of determining the prqblem seems, however, 
ty me, to be liable 'to several oljections, which it would take up too much room to state 
hi this place, and which I have elsewhere c.irged at consideralxlc Icngth.f Nor does it 
appear to me that any other mode of investigation ynt proposed is capable of giving us 
approxuuatiotis to the truth, that are more to be relied on ; for such enormous differ- 
ences 08 to the cihsxAuU zero^ or point of total privation of heat on' the thermometric 
scale, have re&ulted from the inqtdries of Afferent philosophera, as to show that we still 
want the data essential to such an investigation. 

These genertd observations I bate deemed it necessaiy to |iiakc, with a view of 
conneding together the propositions respecting caloric, and tlm experimei^ Hlus- 
traiing them, tlmt fonn i&e subject of the following sections. The inquiry re^pectixig 
heatis one whiiffi presents a boundless field for interesting speculation ; and it would 
have been easy to have extended 'very considerably the discussion xyS its nature sad 
pirbpef6es. Bttt, in this worl^ I have no farther ol^ect than to lead the student, by 
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easy steps, to a knowledge of what has been actually determined by experiment, or 
strictly and legitimately deduced from it. 

The Cifocta of STree Calorio* — I. Caloric expands aU bodies. — The expansion of * 
liquids is shown bj" that of the mercury of a thermometer, or by immersdng in hot water 
a glass matrass, fiUdd, up to a mark in the neck, with spiiit of W'^e, tinged with any 
colouring substance, ^h^ spirit expands immediately when healed^ 
and would ovez'flow if not placed in a choler situation. The degree of 
expansion produced in difierent liquids, by similar elevations of tem- 
perature, varies very considerably. Thus water expands much moro 
than mercury, •i&id alcohol more than waten This difference of 
expansibility is even sufficiently atiiking to appear in a remarkable 
degree when wo immerse, in water heated to 150% three equal glass 
vessels of the shape of thermometer tubes, cqptaining the one mer- 
cury, the other water, and the third spirit of wine. The spirit wjll 
begin to escape from the aperture of the vessel, bcfor8 th^ mercury 
has ascended fai- in the stem. ^ ^ 

*It must be obvious, however, that we cannot determine, in this 
way, the true amount of expansion in any»fiuid, because the containing 
glass vessel ha.s, at the same time, its capacity enlarged. Hence the real 
expansion of the fluid exceeds the apparent ; and, in oi*der to know 
the true aAount of expansion in the liquid, we must correct the 
experimental result by taking into account the expansion of glass. In determining the ; 
dilatation of mercury, MM. Petit and Dulong avoided the necessity of this correction, : 
and followed a method founded upon a hydrostatical principle — tnr., that when two | 
columns of liquid communicate by a horizontal tube, the vortical heights of Iheir sur- ^ 
faces are in the inverse ratio of their densities. Surrounding, therefore, one of the 
columns with ice, and raising the other to any known tempapatore, it was found to be 
sufficient, in order to obtain tlfc absolute dilatation, to measlibe the height of each 
column. ♦ 

The following is a description of the instrument employed and the principleB on 
which its action depends • , 

Let A B C D he a tube bent tw^cc %t right angles,** as represented in the diagnnn, 
and expanded into a tup-shaped vessel towards each upper extremity, the horiaontal 

tube of ceSmexion being ex- , 
ceedinly fine, Bach vertieal 
arm of tlie ^be is seen to be 
immersed in m cyBndrioal 
glass vesa^, tiie use of which 
is tocoxdeainliqdids of de^oitc 
temperattffe, in order'that the 
updght arms may be heated 
to a conosponding degsee. 
From this arrangement it M- 
lows that fthe rate of expan^ 
aion of a Md may be estimated, indopcndeiitly ^ any diaturhanee, expaaskai 
of tho glass. It is a wall known propositim in hydroatatios, ^ edimmm: : 
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height* of liquids of dijSerent densities) in equilibrio, under the same degree of 
pressure, is in an inverse rti^o to the density of those liquids. Supposing, then, 
* mercury to be pouretl into the vessel A B C B, the liquid will rise to the ^me level 
in tbe branches, A B and 0 D,— if the temperature be equal. If, however, the stem, 
A B, be heated to | degree which may bo ropre&ntcd by whilst the' stem, C D, is 
heated to a diffefen^ temperature, which may be represented ^y the mercury will 
rise in the sqpond branch higher than in thef first. Let X stand for the columnai* 
height of mercury in the lower branch, and A' for the columnar height of the same in 
the higher branch ^ « 

If, now, and d represent the densities of mercury at the tcml)o:-atures f and 
p^the pressure of liquid referred to unity of surface, and exercised upon the horizontal 
plane, traversing the axis of the tube, B C being equal for all that plane, then 

• r 

, p sizffhd = therefore hd*=z h*d* \ 

or, the same weight of mopeurj occupying a volume in A B, where the density is 
should occupy in D C, where the density is d\ a volume V', yielded by the equation 
P = yVrf = ; whence = V'^T, and from tkc' equation M = hd' and V"*; V 


: : A : 7/ is deduced 



JC — A 

A • 



V 


is the fraction representing the 


augmentation with increase of temperature, experienced by the unity volume of mer- 
cury ; when its temperature at t becomes this fraction of dilatation of mercury for 


(f — t) degrees will be - and the coefficient of dilatation "Whence it 

follows that the investigation of determining the total expansion of a liquid for n 
definite number of degrees, by means of this instrument, resolves itself into the exact 
measurement of the columnar fluid-levels at A and //, for the temperatures t and t. 

The most recent investigations concerning the dilatation of liquids have been made 
by M. Isidore Pierre^*and M. Kopp, who confirm tho previously-existing belief, that, 
with the exception of mercury, the dilatation of* liquids follows on exceedingly irregu- 


lar and complicated progression. 

It is, however, probable that a suggestion throwm out by M. Gay Lussac may, if 
carried into practice, tend to indicate some precise daw of liquid expansion. Tho rate 
of expansion for all gaseous bodies is veiy nearly alike. Now ^es possess nearly tho 
same molecular stdte as to agg^gation ; not quite the same^ as is proved by the dificrent 
amounts of force necessary to liquify and foUdify those gases^capablc of assuming such 
conditions, and the non-condensibility of others, — to which proof may be added the 
dight'^discrepancy in their coeffioients of expansion. Liquids, however, are very 
differently circumstanced ; the molecular forces which hold their particles together 
vary within the limits of a very wide range. M. Gay Lussac, therefore, suggests that 
in order to deduce a law of expansion for liquids, they should be examined under equal 
conditions of molecular aggregation.ct Now, exactly at the boiliE^ point, tho molecular 
aggregation of a liquid, determining the condition of liquidity, is overcome ; hence, by 
fflVmg a series of liquids, heated nearly to their boiling point, and cooling, through an 
equal number of degrees, the indications of some general law might probably, M. Gay 
Lussac be arrived at. Nor have his speculations been altogether without 

foundation, as the accompanying tabular view will demonstrate. 

Alcohol boils at 173® F., water at 212® F. ; sulphuret of carbon at 134® F., 
and sulphuric ether at 96*3® F. Taking I’OOO volumes of each at their boiling 
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points, and cooling through a definite number of degrees, the followings results were 
obtained 


By cooling 
through • 

a 

1 Wate^ contracts 

Alcohol contracts 

Sulphnret of Carbon 
contracts ^ 

Ether contracts 

18* 


11*43 

12*01 

16*17 

36® 

1316 

1A*34 

23*80 

81*83 

64® 

j 18-85 ' 

1 34*74 

35*06 

46*42 

72® 

1 •2410 

i 46*68 

45-77 

58*77 

90® 

28*66 

56*02 

56-28 

72*01 

108* 

! 32*42 

65*96 

66*21 

! 


It will be obscjved that the accordance between the alcohol and sulphui^t of 
carbon for all the decrements of temperaturef forming the subject of experiment, 
marked, showing that there exists some kind of acetrda^o between the molecular 
states of these two liquids, notwithstanding the difference of their boiling ^infi. 
M. Jsidorc Pierre has drawn il{> Extensive tables on the basis of that just given, and 
from which it appears that a nearly cqu|d contraction, from the boiling point down- 
wards, is manifested by (1) fusel oil, pyroxylic spirit, and alcohol; (2) bromide of 
ethyl and bromide of methyl ; (3) iodide of methyl and iodide of ethyl ; (4) acetic 
ether and ^cotic methyl ether; (5) butyric ether and butyric methyl ether. This 
equality of contraction, however, from the boiling-point downwards, does not extend 
to all groups of liquids containing a common clement, united with others of difierent 
isomorphous groups—for example, chloride of phosphorus and chloride of arsenic ; but 
it would seem to bo confined to the ethyl and meth;fl scries. Moreover, in each group 
of liquids, the difference of contraction increases constantly in the same direction, 
proportionate directly to the sinking of the temperature below the boiling point. In 
some cases this variation of contraction is of very considerable ynagnitude; thus, for 
example, in the group to which chlorifio and bromide of silicon belongs, it amounts to 
half the total expansion. Finally, in each group, the liquid of lowest boiling temperature 
manifest the greatest amount of qj^pansion and contraction. Such arc the chief gene- 
ralizations arrived at by M. l8idoi;c Pierre.* M. *Koppt has more recently appKed 
himself to the same difficult investigafion ; but as this philosopher's generdizations 
are not yet complete, Snd tho minutes of his researches are volumhious, I must refer 
to the original papers, wherein the informatipn is conveyed. 

The expansion of aenform bodies may bo exemplified by holding near tho fire a 
bladder half filled with air, the neck of which is closely tied, so aif to prevent the 
inclosed air from escaping. The bladder will i^on be fully distended, and may even 
be burst by continuing and increasing tho heat. All aeriform bodies, when deprived 
of moisture, and even condensable vapours, when not in contact with the liquids from 
which they have been produced, undergo nearly the same expansion or contraction, at 
all temperatures hitlSrto tried, by similar adffitions or subtractions of heat. Indeed, 
until the recent investigations of M. Pegnaull^on this interesting subject, the propo- 
sition was universally accepted, that the amount of expansion and contraction of all 
gases for equal degrees of temperature was absolutely the same, being for. the 180* of 
Fahrenheit’s thermometer, between 32® (the freezing point) and 212®, about the xi^th 

* “ Annales de Chimie et de Physique,** tUrd series. 

+ “ Poffg. Annal.** 72, 1, and 228, abstracted In “ Annal. de Chlm. and Pharm.** 04, 212, 
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thely volume at 32 few every ^(psee-tiliat ia tjo say, ISO >c or b*37fithB j 

increase on the total bulk at Fah/ Mr. Dalton, who was the first to conunenoe tins i 
^ important investigatton, adopted the fraction as the coefficient of gaseoiu ezpan- I 
sion; but MM. Petit and Dulong, who subsee^uently repeated thoinecesaary eTperi- ; 
ments, adopted justead, * and their views wertf universally received until a Swedish | 
natural philosophy, Budberg, announced that the coefficient was too high, and that 
it was more i^early represented by the fraction 0*3G4 or 0*363 Sn the total increase of i 
a volume of gas at 32° Fah., when heated to 212'^ Fah. It would appefcx that Mr. Dalton, > 

. as well as MM. Gay Lussac, Petit, and Dulong, had been led int(^ error, ^owing to their j 
not having taken sufficient care to dry the gases upon which they opci^tcd ; hence the ; 
total amount of expansion recognked was partly due to the gas 'itself and partly to the j 
• water contained in the gas. In the year 1842, M. Regnault applied himself to a j 
re-considcration of this subject, adopting two series of experiments founded on two | 
different principles.. In the first aeries {he dilatations were not measured directly, but 
c^culated by reference tocrarifitions in the elastic force of the gases operated upon. 

In the second series, the augmentation of volume occurring between 82® and 212® Fah. 
was directly measured ; the same volume of gas being 'constantly used, and submitted 
to one unvarying pressure. These admirably researches of M. Eegnault have led to | 
the adoption of *3665 or *3670 as the total amount of expansion between 32® and 212® ; 
on the original bulk of air at 32®, being ^ths of each centigrade degree, or of a | 

degree of Fahrenheit. • 

liawa of Xmpuiuiion. — Such was the result arrived at for atmospheric air ; 
other gases were found to yield slightly different rates of expansion: hence the ( 
proposition that all gases expand equally, for equal increments of temperature can be | 
no longer accepted. Indeed there is one fact which, if duly weighed, might have : 

. rendered this proposition suspected. Certain gases, it is known, arc condensible, | 

, others not ; and amongst those which are, the force necessary to accomplish con- \ 
densation varies witVn limits which are very wide.* Now, if there be recognisable 
a diffspence in the molecular powers of gases a^* this end of tho scale, it wo^d seem j 
■ d priori that there should be conversely a difference also at the other. M. Begnaulf s • 
experiments bear out the supposiliem ; he finds the coefficients of expansion to vary 
for different gas<^s. The subjoined table manifests some of these variations, which | 
i win be seen to be greater in proportion as the particular gas^ under examination is I 
J readily condensible : — 

Hydrogen 
A^ospheiic air 
OarboniQ oxide 
Carbonic acid 
Protoxido of nikogou 
Cyanogen 
8u}phuzuuf ocid 

Anterior to the investigationfl of M. Be^ult on this subject, two fundamental Igws 
were recognised in the theory of gaseous expansion. 

These laws are as follow 

1. All gases dilate to the same extent between equal limits of temperature. 

• “Am of Pbil.” new series, xiii.* 117. 


• 0*36613 
0*3670 
0 * 3663 $ 
0*37000 
0*37195 
0*33767 
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2. The dilatation of the same gaa between tl^e sane limits of tesi|! 4 r«tiiN k kde- 

pendfint of its laimitiTe density. • 

The of these laws, as have seen, is at yarianoe wfth the results of M. 
!Regnault. The second is no less at vsriance. Nevertheless, these lavs, ahheagh not 
absolutely trite, are sufficiently near the truth to justify their aetenUon in ehemksl 
works. Probably thev would be absolutely free from all error ii applied to gases dis* 
taut by an equal number of degrees frcihi their respectivo points of eondensation ; henoe 
the fraction ^ ot their bulk at 32'* may be used to indkato the expansion suffered by 
all gases for %very dSgree between 32® and 212® Fah. "** . 

Having enuadbrated the laws of the expansion of gaseous bodies, it will be desirable 
to indicato the means t)y which these laws have been deduced. A rectangular box of 
tin-plate, or copper, is supplied with dve 
orifices — ^thrcc sup'briorly, oncb at cither 
extremity. The middle one above gives 
entrance to a thermometer, the stem of 
which is packed in a collar ; tje^two rc- 
mtflning apertures above are intended for 
tlic escape of vapour. The terminal apei*- 
tiu'c a also gives entrance to a thermome- 
ter, whilst the aperture at £ is fitted up 
with a bullacd glass and stem, constituting 
the immediate apparatus, by means of 
which the rate of expansion is to bo 
determined. Tho tin vessel contains dd, which* a^^ts of being heated by means of 
the small furnace represented in the woodcut, to the degree necessary for the success 
of the e^erlmont. 

It will be evident that, by means of this disq^ition, a volume of mr contained in 
the bulb of tho glass tube possixfy through b will be expanded iwto a larger volume so 

•soon as heat is applied to the tin vessel. 
It remains to asoertain the rate of ex- 
pansioii, which is easily effected by a 
register of quicksilvfr in tho st&m of 
the tube. That is to say, supposing a 
globule of quicksilver at the beginning 
of the experiment to stand at y, the same 
globule will be driven towairds the open 
end of the tube by every subscqueali inerem^Bt of tmnperature in the dkection of 

It will bo readily conceived that a knowledge of the exact amount ol expansion to 
which gases are sul^t for given ranges of temperature possesses more than a theo- 
retical interest Alt^ugh the expansion of all |ases be not equal for equal degrees 
and the aome range of temperature as the ciq^riments of M. Regnault have proved, 
yet the abroach to equality ia such, that for«ll practical calculations tho proposition 
of such equality may be aasnuned. Perhaps the fraction is the coefficient of expan- 
sion for each degree between 32'* and 212® Fah., the most in aooordanoe witii experi- 
ments aa a general mfiana observation. I shall, therefore, employ it henceforth in 
the lUaBtratiooi which kllpw. On this asaumptioD, it appeam that 421 vdimms of a 
gas at the temperahaxe of 32® Fah. expand one volume for every degree of FttanheiPs 
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scale between 32° and 212° ; that is t(vsay, if this standard measure of gas be heated 
^ to 212°, it will have expanded <^0 671 volumes. Furthermore, experiments have shown 
that the rate of expansion at temperatures above 21fi°, and below 32°, is vio nearly 
accordant with the range between, that the coefficient of expansion may be considered 
universally as repreoented by 7^. Hence the correction of gaseous expansion and 
contraction involves Che adding or the subtracting so many ^^yths of the volume of 
such gas at 32P, as there are inequalities of temperature between 32°^ and the degree at 
which the experiment is conducted. Thus, suppose that a graduated tube contains 
100 measures of gas at the temperature of 82°, and it were desired to 'ascertain how 
many volumes it would occupy at 42°. Here the difference between 35° and 42° being 
10 degrees, the 100 measures of gas will have expanded ^ths of 100, or ^ X 100, 
which, must be added to the original 100 measures. But 100 added to ^ X 100 is 
the quantity 102*037, which is the omornt of expansion sought. 

It frequently happens that the problem has to be solved of reducing a gas from one 
tempecaturo to another temperature, neither of which is 32°. This may be accom- 
plished without the proliminaiy trouble of finding the ’'olume at 32°, by introduqjng 
into the proportion the standard measure 491. It has already been shown, Ihat 
491 volumes of gas at 32° expand one volumb for every degree of increment up to 
212° Fah. ; and whatever the quantity of gas operated upon, the expansion is in the 
same ratio. Now the rate of expansion of the standard measure 491 volumes for any 
given number of degrees is simply ascertained by mere addition ; whence it follows 
that the volumes at the two temperatures are to each other as the standard volume 
(491 at 32°) increased by the amount of expansion due to the temperature. Thus, 
supposing a certain bulk of gas to occupy 130 volumes at 75°, what bulk would it 
occupy at 42° ^ Hero the first questions to be solved arc, what bulk would the 
standard measure of gas (491 volumes at 32°) occupy at 75° and 42° respectively ? 
These questions are rgadily solved by adding to 491 ^c respective difference between 
75°, and 42°, and 32°. *Now the difference between 32° and 75° is 43°, and the difference 
between 32° and 42° is 10°. Hence weiave (491 + 43) = 534 and (491 -f- 10) = 601 
as the respective bulks of the standard measure of gas (491 volumes at 32°) when 
heated to 75° and 45° respectively :»and calling the unknown volume V, wo have the 
i following proportion ; — • * 

I V: 130: : 601 : 534; 


and V 


130 X 601 
6 ^ 


11917; 


or, 130 volumes of gas at 75° would occupy 119*17 volumes at 42°, 

The expansion of aolida may be ma^e apparent by heating a rod of iron, of such a 

length as to be included, when cold, be- 
TTii tween two points, and the diameter of 
f which is such as barely to allow it to pass 
through an iron riag. When heated, 
it will have become sensibly longer ; and 
* it will be found incapable of passing 
through the ring. 

These operations readily demonstrate 
the general truth ; but the amount of ex* 
pansion undergone by a metallic bar within a definite range of temperature is ascertained 
by a contrivance of the following description A represents a bar of metal, the length 


1"! ' 1 1 1 ' 1 1 U LLlLLliliJ 1 1 1 1 1 1 ■ 1 1 p 
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of which has to be estimated. The bar is surrojinded by a heated bath, and is supplied 
with two vertical indices (» t'), one attached at right angles to either extremity. From 
which (prangement it follow^ that in proportion as the bar expands, the indices wilf 
diverge ; and thtft the amount of divergence being determined by means of the gradu- 
ated rule figtired ahoVe, the total amount of expansion undergone by the bar will bo 
appreciated. ^ 

The linear expansion of a metalliS bar being known, its total or cubic expansion 
may be easily deduced from the following consideration. If the material, instead of 
being in the/orm of a bar, were moulded into an accurate cube, then it foILows that 
the total expaasfbn of the bar would bo equal to the total expansion of the cube ; but 
the latter would be equal to the cube of the linear expansion of one of the edges of the 
cube. In other wor^, the total expansion of a bar is equal to the total expanmon for 
the same thermal* increment of a cube of homologous sides. Hence the coefficient ^of 
linear expansion of a bar cubed is equal to the cubic expansion of^ bar. To illustrate 
this truth, let v be the volume of a cold metallic bar, t* its^lume when heated.^ Nqw, 
as the expansion takes place peoerding to the same ratio in every part of the bar, the 
lafber, when hot, will have the same shape and the same relative dimensions as it had 
when cold. Hence we establish the proportion 
a : t;* : : 1 : (1 -4- d)» ; or, 
f : e' : : 1 : 1 + 3d -h -J- d®. 

But in tlA generality of these cases d is so minute a fraction that 8d^ and ePo are 
almost inappreciable, and need not be taken cognisance of. Hence we may in most 
eases be content with indicating the total increment of cubic expansion by 3d : neglect- 
ing 3d2 and dP altogether. In other words, the lipear expansion of a bar multiplied 
by 3 represents almost exactly its cubic expansion. 

To show how safely Sd^ and d^ may be omitted, it is only necessary to convert 
these literal coefficients into numerals, applying them to some specific case. Thus, 
supposing a rod, or tube, of flilit glass to be 20 inches long fit 32% and that, when 
heated to 212% its linear amount of expansion is y^i^th of its length at 32*’, or 
Y^th of 20 inches = ^ decimals, 0*001602. .Beducing now 

our literal coefficients to their corresponding numerals, we have 

Inches. 

?= 20 

^ = tHx = 0*00160200000 of an inch. 

I + =? 20 + tJSt = 2(I 00160200000 „ 

* ^ = TfJr = 0-00.480600000 „ 

= 0-00*07699200 „ 

= -nrrfmnnr= 0-00000123640 

from an examination of whidi the extremely small valae of Sd^ and d^ may be 
recognized. 

Zitmr Expansion of Solid Bodies^ when heated from 82* to 2\TFah, 

Black marble (Lucullitc) . • . 0*00035300 ss Dunn and Sang. 

Carrara marble • . . • 0*00083700 ss 

White glass in tubes . . . 0*00089694 = Lavoisier and Laplace. 

Flint glass 0*00081166 = tAv 

Earthenware 0*00083000 = xitso I^ftlton. 


CHEMISTRY.— No. IV. 




114 


ANOMALOUS LIQUID EXPANSION. 


Linear Eii^amion of J^oUd Bodies, when heated from 32° to 212® Fah. 


Brown Fayonce 


. 0*00040000 = ^ 

Antimony . c . 


. 0*00108333 = ^ SmCaton. 

Bismuth . <: 


. 0*00139167 = riif 

Zinc (cast) t 


.• 0*00291167 = sirs 

— (hammered) . 


. 0*00310833 = sh 

Malacca tin 


. 0*00193765 = Lavoisier ^and Laplace. 

Lead 


. 0*00284836 == ^ 

Iron wire 


0 00123504 = 

Copper . 


. 0*00171733 = 

.Brass wire 


0*00193337 Smeaton. 

Silver . . » . 


0*00190868 = 3 ^:^ Lavoisier and Laplace. 

^TOld, . . . 

o ** 

. 0*00156165 =: ^ 

Platinum 


0.0009918 ,= yXff Troughton. 

Palladium 


0*0010000 = 3 ^ Wollaston. 


Anomalous Xii<[uid Enpansion.— By this term may be indicated the peculiar 
rate of expansion assumed by liquids resulting from the compression of gases. 
Philosophers have been in the habit of stating that gaseous bodies are those which of 
all others undergo the greatest amount of expansion and contraction for equal rates of 
temperature. The liquids, however, now treated of, at least many of them—perhaps 
all— depart widely from the law. Thus liquid carbonic acid is, for equal increments of 
heat, considerably more expansible than air ; when heated from 32® to 86° Fah., twenty 
volumes expand to twenty-nine, which is about five times the rate of atmospheric 
dilatation,* Liquid sqjphurous acid, and liquid cyanogen, according to Kemp, follow 
a corresponding anomalous law, but not to the extent o^ carbonic acid. 

On reviewing the labours of phUosophexs who have investigated the subject of rate 
of expansion in solids, it will be seen with regret that no general principles have been 
deduced— no law arrived at. Nor- is this, perhaps, *a matter of surprise, when we 
consider the variation of molecular constituti<>n to which non-crystalline solids arc 
subject, although t^eir general physical appearance remain the 6w.mc. Thus all malle- 
able metals arc subject to ever-varying dimensions, according as they may have been 
haxpmercd more or less; and all fusible metals are subject to the same variation, 
according to the rapidity with which they are cooled. • 

A similar remark applies to the etrers attendant on correct determinations of the 
specific heat ^f solids. Thus Regnault has mentionedf that soft steel, the density of 
which at 14® is 7*8609, possesses a specific heat of 0*1165 ; whilst the specific heat of 
hard steelj whose density is 7*7982, rises to 0*1175. That the specific heat of soft bell- 
metal, having a density of 8*6843, is 0*0862 ; whilst the same mital, hardened to the 
density of 8*5797, possesses the specific heat of 0*0858. 

Thpory points to crystalline bodies as' the solid materials from an ftTaminAtirtin of 
whose expansive ratios some general law is hereafter to be deduced. An investigation 
of this kind was first undertaken by Mitscherlich j j; in whoso steps foUowMlf. Fresnel 

* Thelorier, “ Ann. Chim. et Ph.” lx. 427. t “ Pogg. Anna!.,” 62, 50, 

t “ Pogg-,” 1. 125 ; X* 187. 1 “ Bull, des Be. Mathem.,»» 1824, 100. 
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and, more lately, MeBsrs< Playfair and Joule, *Jto whose respectiyo oommunications the 
reader is referred. 

Thi%property of metals h^ been applied to a variety of use&l purposes. Tim iron 
band, or tire, as !t is called^ of a carriage-wheel, being purposely made a Uttlfr smaller 
than the woOden Sircle, is enlArge^ by heat so as to embrace tho datter ; and being then 
suddenly cooled by tlyowmg water upon it, is again contracted, tiid\ecomes immovably 
fixed. An ingenious use of the same^rinciple^was made several years ago, at Paris, by 
M. Molard, in restoring to the perpendicular two opposite walls of the Museum of Arts 
and Manufagtures, Vhich had been pressed outwards by the incumbent weight. A 
similar proccss>h!u 3 been had recourse to in effecting the restoration of the Cathedral at 
Armagh. Through holes in the walls, opposite to each other, several strong iron bars 
were introduced, so as to cross the apartment, and to project outsit the bifilding 
sufficiently to alloV strong iron plates, or toasiters, to be screwed upon their ends. The 
bars were then heated, and the iron plates screwed up. On cooling, the bars contracted, 
and drew the separated walls nearer together ; and tins wts repeated till the walls had 
regained their perpendicular ^josition. 

•The expansion of metals produces important effects in various mechanical instru- 
ments, especially in clocks ; for a pendulum vibrating seconds will, by a change of 
temperature equal to 30’ Fab., alter its length about which is sufficient to 

change its rate of going eight seconds of time per day. 

Compenflation Pendulums, and Balances. — Various plans have been had 
recourse to for obviating the errors attendant upon the elongation and contraction of 
! the pendulums of clocks. The simplest, and per- 
1 haps the best plan, when very large clocks are con- 
cerned, consists in making the pendulum-rod of wood, 
thickly varnished. The inequalities of length atten- 
dant upon variations of temperature are thus in a great 
measure avoided ; wood being Susceptible of these 
changes to a very slight extent. Except the wood 
be thoroughly seasoned, however, and the coat of 
varnish be accurately laid on, variations of another 
kind arise, due to the absoi-ptidh of atmospheric 
moisture ; hence, ex(\ppt for very largo clocks, the 
employment of wooden pendulum-rods cannot be 
recommended. 

Another means of avoiding this source of error 
is the gridiron pendulum, as it is technically epUed 
— on invention of Harrison. This form of pendulum 
is now rarely employed in England, although it is 
commonly used abroad, not exactly in its primitivo 
state, but slightly attcred and improved. The im- 
proved gridiron compensation pendulum will bo 
understood by reference to the accompanying 
woodcut. 

The compensating part of the instrument, 
as here represented, consists of five vertical 
rods, attached to each other in the gridiron form, in a manner to bo presently 
* “ Qu. Jour, of Cbem. Soc.” i. 121. 
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described. Of these rods, three (Nos. 1, 3, and 5) are of steel, and two (Nos. 2 and 4) 
of zinc. The steel rods 1 and 6, are securely fastened above to the brass cross-piece Ao, 
and below to another brass cross-piece of similar kind, JB h. The central stefd bar is 
not attached to either of these cross-pieces ; but perforating the lower'one, it is fixed to 
the pendulum-weighli and at its upper extremity is attached to'a«ehort brass cross- 
piece, wluch also sSrvf s as the point of attachment for the u^er ends of the zinc rods 
2 and 4, the lower ends of these being fixed to tlfe cross-piece Dd. The total expansion 
of zinc for a given range of temperature exceeds that of steel by mOre than double ; 
hence, in the above instrument, the mutual ratio of snch expansidn bet^en the two 
metals is represented by an aggregate length of steel bar, which expands equally, for 
equal temperatures, to an aggregate length of zinc bar ; and in proportion as this ratio 
is accurately maintained, so will be the accuracy of adjustment. Theoretically, it is 
conceivable that bar No. 3 should be ppshed as far downward as* the zinc bars are 
pushed upward ; but in practice this accuracy is seldom attained. 

In the original gridiron J^endtdum of Harrison brass was used instead of zinc for 
the upward expansion ; but in this case nine bars wci^ necessary instead of five — ^the 
difference of expansion between steel and brass being less than that existing between 
steel and zinc. A third description of compensation balance depends for its construction 
on the same principle as Bregult*s thermometer, and the compensation balance spring 
of chronometers, presently to be described. 

Let a represent a metallic pendulum-rod, suspended in the usual manner by a thin 
metallic dip to the fbted point h. Let c e represent two compound slips or stops, each 

formed of two plates, one of brass, the other of steel — 
the brass aspect being uppermost. These compound 
slips being fixed at the end furthest removed from the 
pendulum, and free to] move at the other end, the 
result will be as follows : — ^When the temperature is 
elevated the peqdulula-rod will be elongated, and were 
there no compensating adjustment, the rate of going 
of the clock would bo retarded ; but the same eleva- 
tion of temperature affects the stops e e, causing the 
brass portionq,of them to expand more than the steel 
portions, and producing in eachc^ curve, the convexity 
of which looks upward, as represented in the woodcut 
(2), the virtual effect of wl^’ch is to shorten the pen- 
dulum. The effect of diminishing temperature will 
obviously be the converse of the preceding, and will 
be represented by the woodcut (3). Perhaps, however, 
the most usual contrivance had recourse to for the 
purpose of equalizing the effective length of a pen- 
duKim, under varying temperat^;res, is that of malntig 
the pendulum- weight a mass of quicksilver, which, 
being placed in a glass jar of proper dimAtiainT^g^ can 
bo so adjusted as to expand upwards in the ratio 
as that in which the pendulum-rod elongates. The 
mercurial pendulum (see next page) is now almost ex- 
clusively used in this country. It was invented, in 
n, and is represented by the following dcetch : 
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The compensation balance, which is the principal distinctiye feature of the modem 
^ chronometer, is represented by the accompanying 'woodcuts, whicl^ 
'll illustrate theitwo varieties of this interesting piece of mechanism. 

* Jlhe semicirciiJiar pieces 'which form the rim of the balance con- 

8 81 st, in both the instruments here represented, df a very thin piece of 

stool, wth an outcr^rim of brass firmly attacled to and forming one 






piece with it. The manufocturo of these compensation bdances is 
exceedingly curious. A circular piece of steel, of the size of the 
intended balance, being accurately turned, a small pivot-hole is made 
through the centre. It is then immersed i^to fused brass, with 
which it becomes accurately covered.' Subse<^uently the brass is filed 
away firom the sides, and partially from the edge, in such a manner 
that only a ring of brass remains firmly attached to the steel at every 
point ; tiio whole is then carefully condensed by means of hammering 
or burnishing, the steel is turned away from the centre and the brass externally, so as to 
leave a thin compound ring, oi^which the brass part is about t'iiiice the thickness of the 
steel part. During this operation the steel is not entirely removed from the centre — a 
thin portion being left, out of which is cut the bar A B. The balance is completed by 
removing the superfluous parts of this transverse piece of steel, and cutting through the 
compound ring at a a. The balance next adjusted, which is either accomplished by 
sliding weights, as ig fig. 1, or by a number of small screws, as in fig. 2, which admit 
of being screwed in or withdrawn according to circumstances. Tlfe screws C C, called , 
mean^time screws, regulate, by being Bcrewd in more or less, the rate of the chrono- 
meter, but have nothing to do with the compensation for changes of temperature. 
This is cfiiected spontaneously by the very nature of the balance itself, on the principle 
that brass and steel expand unequally for equal temperatures; the compound rim 
curving inwards, and thereby diminishing the centrifugal force of thd balance when 
the balance-spring is relaxed by heat ; or expanding, and thereby producing the con- 
trary effect, when t]^e spiing is braced by coldf The proper situation of the weights 
"W W, or the regulating screws 1, 2, 3, 4, is ascertained by experiment ; the amount of 
compensation being greater in proportion astthe weights are nearer to the free ends of 
the rim in tiie balance represented by fig. 1, while in the other form the like effect is 
produced by making the screws project more or less. Finally, the whole balance spring 
is in many cases protected from atmospheric agencies, and the steel portion of it protected 
from rust, by, covering it with a tkin layer of gold by the elcctrometallurgio process. 
This process is due to the ingenuity of Mr. Dent, who has also introduced the improve- 
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ment of making the balance spring of glass; the only disadvantage in the use of which ' 
^being the difficulty of ^making this delicate appendage with certainty. 

The degree of expansion is not the same for all solid^,, and even differs matfrially in ' 
substances of the same class. Thus, the metals expand in the followii^g order, the most ■ 
expansible Ijeing placed first : ainc, lead, tin, copper, bismuth, ifoll, Bto6l, tmtimony, ; 
palladium, platinum. rThe experiments of Petit and llulong ^nnals of Philosophy,*’ 
xiii. 164) tendfto show that unequal degrees of ^)xpansion are produced in a bar of < 
metal by a succession of similar increments of heat ; the rate of expansion increasing 
with the temperature, as appears from the following table r 

Temperatures measured by Expansions in bulk of » Linear Expansions. j 

Expansion of Air. Iron. Copper. Platinum. Iron. Copper. Platinum. 

ono 100’ cent, give . . . vh rb tAt ! 

,0^0 300’ cent, (mean) . . via • vir ‘ xix tuW 

The expansion of bodien; bythcat, and, conversely, iheir contraction by cold, are i 
functions not only of theoretical interest, but of the highest practical importance. Not ; 
only is a correct knowledge of this amount of cxpansiia 'necessary to the architect and 
engineer, but the greater number of our instruments for indicating and measuring 
temperature depend upon an application of the laws of expansion and contractioD. An ' 
instrument may be adapted merely for indicating a difference of temperature, without ^ 
expiuMiag the amount of such variation : such instruments ore termed thqpnoeeopcs. ; 
Other instruments arer adapted not only to indicate a difference of temperature, but the 
amount of that difference, referred to some conventional standard of graduation. Such 
instruments are termed thermometers when the temperatures intended to be measured 
by them are low ; pyrometers whei they are destined to measure temperatures of a 
higher laage. Strictly speaking, the difference between the two is arbitrary, and the 
double name seems unnecessary. It is generally, however, understood tli nt every ; 
instniment intended fof the measurement of tempcratiares above the boiling point of 
merenry, 662® Fah.j is a pyrometer. 

A description of the different varieties of thermoscopes, thermometers, nnil pyro* 
meters, will bo given hereafter. In this place it is merely desired to discuss the con- 
ditions necessary to be possessed by a thermo-eayiansive material, in order that it may 
be adapted to the formation of heat-measuring, or heat-indicating instruments. 

Inasmuch as soEds, liquids, and gasea, are all subject to the general law of expan- 
sion by heat and its converse, there does n^t appear any theoretical d priori objection 
to Ihe adoption of cither ; nevertheless, it will be seen, on consideration, that the ther- 
mometric range of any given liquid is limited by the solidifying or freezing point of 
such liquid at one extremity of the scale, and its boiling point at the other ; for which 
iieason liquids 'are unadapted to measure by their amount of dilatation the existence of 
the higher temperatures— in other words, they are inapplicable to Uie puipose of 
pyrometers, for which latter, either «^8olid8 of great infu8ibilit;j; or gases must be 
employed. It happens, nevertheless, that by far the greater number of thermal 
phenomezm, presenting themsdves in ordinary philosophical investigations, are not 
above the degree of 662® Fah., or that of the boiling point of mercury, and not below the 
freezing-poiait of the same, which is, in round numbers, ~ 40®, co: 40^ below zero. Hence 
the expansion and contFsetiGn of mercury, in a graduatedglass tube, under the name of the 
mercurial thermometer, becomes the most usual standard of thermometi io compiiison. 

If mercury were endowed with a freezing-point lower than - 40®, to an extent commen- 
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Burate with the wants of philosophers, l^re seems no reason wh 7 anp^other li^d than 
mercury should be employed in thermometers ; but occasionally tempersJtares have to 
bo mea|ured which arc lower than — 40®. Hence, some liquid itust be employed that it 
capable of retaining its fluid s!atc far below this temperatme. Alcohol is the iiuid then 
adopted. Sure alcohol has nevef been frozen ; hence there slio^d seem no limit j&pm 
that cause in the downward scale of indication, and it answer^ tile intended purpose 
very satisfactorily. *In* conducting certain specifle lines of research^ thermometers 
filled with othcr4iquids than mercuiy or alcohol have been occasionally employed by 
philosopher^; indeed, cvciy liquid may be emploj'cd as a medium of thcrmometric 
measurement i;>G>twccn the limits of its freezing and boiling point, with the sole excep- 
tion of water, which* on account of a peculiarity of expansion and contraction, to be 
detailed hereafter, is unadapted to the purpose. 

Tjxam&UnmMd Xhez^Mmetexa.— most celebrated pyrometer is that of Hr. 
Wedgwood ; and although^the instrument be incorrect, it is still wq^y of a short noti^. 
Hr. Wedgwood, in the course of his technical operatiofls, h«d his attention directed to ^ 
contraction of clay when e3g>osed to furnace heat. Imagining that the amount of con- 
tAction was proportional to Che heat employed, the idea occurred of measuring higk 
temperatures by estimating the amount of contraction undergone by an accuzatelj 
formed wedge of clay. Supposing the first assumption to be coijreot, it is evident that 
the result would have been os Wedgwood anticipated ; and that a day wedge, which 
before heating exactly fitted a gauge, would after heating no longer fit the same 
gauge. Such is the principle of Wedgwood’s pyrometer ; the gauge of which is fonned 
of two convergent metallic grooves in a vertical plane, and graduated. In proportion 
as the wedge sank deeper towards the apex of convergence of the grooves, so was it 
assumed that the heat to be estimated had been greater. 

Even had the principle been correct, on almost insuperable difficulty would have 
interposed in the circumstance that no two specimens of clay are exactly of the same 
composition. But there is another objection, one of principld^i and it is fatal to the 
accuracy of the instrument. A long continued and gmitle heat is competent to effect 
he same amount o f contraction as a short but violent heat. It may be well here to 
point out that the contraction of clay by heating is not, as it at first seems, an excep- 
tion to the general law. Clay suffer^contraction on account of the loss of water with 
which it is chemical^ combined. 

A more accurate pyrometer is that invented by the late Professed DanieU, and which ^ 
bears his name. It is funded on the principle of measuring the expansion occurring 
to a bar of metal, for the most part of platium or iron. Like tho pyrometer of Wedg- 
wood, it consists of two parts ; one of which alone is subjected to heat, the other being 
a register, or measurer of dilatation. That portion of the instrument subjected to the 
effects of heat, consists of a block of black-lead crucible ware, into ^'hich, but not 
through it, is drilled a hok something longer than a metallic bar intended to be dropped 
into it. Supposing^ observation to be mad<l| the metdlic bar is first placed in its 
black-lead sheath, and a cylindrical piece of porcelain introduced above. The intention 
of this porcelain cylinder is to act as an index, for which purpose it is fixed, by means 
of a platinum strap and porcelain wedge, loosely enough to admit of motion forwards 
as the iron presses against it, but wi& sufficient tightness not to slide back again. All 
that now remains to be done, is to measure, by means of a graduated scale, Hie amount 
to which tho index has been thrust forward. 

“ When an observation is to bo made, a bar of platinum, or malleable iron, is placed 
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in tho cavity of the register, the index to be pressed down upon it, wd firmly fixed 
in its place by the platinum strap and porcdain wedge. The scale is then to be applied 
^ carefully adjusting the brass rule to the sides of the agister, and fixing it by press- 
ing the cross-piece upon the shoulder, and placing the moveable arm ao that the steel 
point of the radius may drop into a small cavity made for its rec<^'ti6n, and coinciding 
with the axis of the metrUio bar. The minute of the degree must thep be noted, which the 
nonius indicates upon the arc. A similar observktion must be made after the register 
has been exposed to the increased temperature which it is designed ^ measure, and 
again cooled ; and it will be found that the nonius has been mov& forward a certain 
number of degrees or minutes. The scale of this pyrometer is readil/ oonnected with 
that of the thermometer by immersing tho register in boiling mercury, whose tempera- 
'ture is^ as constant as that of boiling water, and has been accurately determined by the 
thermometer. The amount of expansion ^for a known number of de^es is thus deter- 
znined, and the valur^ of all other expansions may be considered as proportional.**— 
Davixi^’s Elements. 

The accuracy of this instrument, it is evident, will,be^ ceteris parilm^ in proportion 
to the equality of dilatation experienced by the metallic bar at different temperature*^ ; 
but this not being strictly the case, the pyrometer of Daniell is open to the objection 
which applies to all thermometers. 

The instrument has been successfully applied to the purpose of ascertaining the 
maximum expansion attained by any metal before undergoing fusion. In this way the 
following results were obtained : — 

TABLE OF FBOOBESSIVE DILATATION OF SOLIDS.— 1000000 PARTS AT 62^ 




At 2120. 

At 662’. 

At Fusing Point. 

Black-lead ware 


c.‘ 1000244 

1000703 


Wedgwood ware 
Platinum ' 


1000735 

1002995 

' 


1000735 

1002995 

1 009926 maximum, but not fused 

Iron (wrought) 
Iron (cast) . 
Gold ’ . 


1000984 

1000893 

1004483 

1003943 

1018378 to the fusingpoint of cast iron 
1016389 

« 

1001025 

1004238 

^ 1024376 

Copper . 


1001430 

1006347 

1024376 

Silver . 


1001626 

1006886 

1020640 

Zinc 


1002480 

10085^7 

1012621 

Lead 


1002323 

1009072 

Tin 


1001472 

. . . 

1003798 


The air theimometer of Pouillct* consists of a hollow platinum sphere communi- 
cating with an escape tube, through which the air presses in proportion as the heat 
applied to tho hollow sphere. Although the principle of this instrument is aiTn pV, its 
practice is attended with many difficulties. So many precautions nave to be and 
corrections made, that its indications cip scorcoly be depended upon. By slightly 
varying this principle, a very ingenious air pyrometer has been contrived by M. 
Peterson. His apparatus consists of a platinum flask closed by a screw, but not abso- 
lutely air-tight. Thus prepared, the flask is taken from tho source of heat and rapidly 

• “ Pog^ndorff *8 Aunalcn,” 89, 867. “ Pouillet’s Eldmens de Physique et de Hdtdorologic,** 8mt 
Ed., tom. I., p. 851. 
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plunged under water, when the internal volume of air contracting, water rtahes in 
between the screw threads to supply its place.* The flask being now weighed, it is 
evident^Qiat the increase of weight due to the presence of water will be directly pro« 
portionate to thflp amount of air expelled ; or, in other words, to the air's expansion due 
to heat. Hence ihe*determination*of the amount of heat ultimately resolves itself into 
a determination of the air expansion ; and as air expands th of its volume, at 32** for 
the increment of every degree on Fahrenheit’^ scale, the theoretical solution of the 
problem is easy, Although certain practical difficulties intervene. * 

All the ti^ermoifletric and thermoscopio instruments hitherto described have refer- 
ence to the tiidhnal variation in dimensions of solids, liquids, or gases; the most 
delicate indicator of ^mperature or thennoscope, however, is totally independent of 
this function, and derives its indications from an observance of the deflection of a 
magnetic needle. * The full comprehension of the nature of this instrument must be 
postponed until the chapter on electricity, on the operation of which it depends ; 
mcanwhilo it may be stated, however, that the altenitiontof temperature occuxiing in 
any body is always accompanied by electrical disturbance, — which electrical flis- 
tifrbance, if made to traverse a circuit parallel to p freely poised magnetic needle, the 
latter is more or less deflected; whence it follows, that the deflection of a poised 
magnetic needle becomes an indication of temperature. Ux^ortunately this very 
delicate instrument, although highly sensitive to changes of temperature; is not com- 
petent to Indicate the amount of such change — Whence it is a mere thermoscope, not a 
thermometer. By its inventor. Signor Nobili, this instrument has been termed the 
thcrmomultiplier : it has been much used by Signor Melloni in testing the presence ox 
absence of thermal rays in luminous radiant matter. 

M. Breguet has constructed a very sensible mSnllic thermometer, for temperatures 
between the freezing and boiling points of water,* by taking advantage of another , 
thermic function, the unequal expansion and contraction of different solids. 

A good class-room experiment for illustrating this inequity of expansion is the 
following. Let there be provided two slips, or thin bars, one of iron, the other of 
brass — each about ^ thick, about 2 inches wide, and 15 inches long. Let 

! theso two slips of equal size in every respect be now firmly rivetted together, and a 


compound slip formed, as repre- — - . 

sented by the woodqpt a, yssmmmssmi^mmsas^ssBaiAsaBssssss^i^ <L' 

Exposed to ordinary atmospheric temperatures, a compound slip*of this kind remains J 

• # straight ; but if it be heated, a curved form 

results, as shown in Figs, b and Cy the con- 
vex side of the curve being in all cases the 
brass slip, whether the source of heat has 
been applied to the iron or the brass side of 
the compound slip. 

The principle of Breguet’s thermometer 
will now be readily apparent. It consists 
of a slip of silver and another of platinum, •united face to face with solder, and coiled 
into a spiral, one end of which is fixed, while the other is connected with an index 
which moves over a circular graduated plate. Strictly, two metals only are sufficient 
for the purpose, platinum and silver for instance ; but it has been found to bo an improve- 
ment to employ three, and the instrument is now prepared by interposing between the 
* « Ann. de Chim. et de Phys., ” v. 812. 
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platinuiQ and silyer a metal of mean dilatability, such as pure gold. The unequal 
expansion of the metals causes the spirsU to increase or diminidi the degree of its cur- 
vature by variations of temperature ; and the noedle, being attached at right wglos to 
the axis of the spiral, is thus made to traverse the graduated circle. Experiment has 
shown that the needle, for equal changes of temperature, moves over ^jquah arcs, so that 
the instrument is comparable, not only with itself, but with others constructed on the 
same principle. Such was found to be Jits grcat« sensibility, chat, when inclosed in a 
large receiver, which was rapidly exhausted by the air-pump, it indijatod a reduction 
of temperature from 6G’ Fah. to 2C'' (=: 4r), while a 
sensible merpuriol thermometer, simila'‘l;i^' situated, fell 
only 3*6\ The appended woodcut further illusti'atcs the 
nature of the instrument. 

* To ihe general law of the expancion of bodies by 
heat, and tficir contraction by cold, there are, however, 
i, several exceptioas. Water by freezing is considerably 
increased in bulk ; salts in the act of crystallizing ex- 
pand ^ and some of the nSiefrJs, as cast-iron, bismuth, and 
antimony, have ^ their dimensions enlarged by con* 
gealing; but mercury and other metals follow the 
goneral law, and occupy less bulk when solid than when 
fluid. „ 

The greater bulk occupied by ice than the wifler yielding it is but one exempli- 
fleation of a general law to which the greater number of crystallizable bodies are 
subject — t. e.f they expand during the act of crystallization. In another respect the 
relations of water to temperature and bulk are remarkable, and without parallel. Not 
only does water expand at 32°, the freezing temperature, but some degrees above this, 
inasmuch as a portion of water acquireB its greatest density somewhere between the 
degrees of 30° and 40° J^ah., so that if brought to this femperature a portion of water 
expands, whether heated or cooled. This frict may readily be demonstrated by means 
of a simple apparatus. 

Let a Florence oil flask be supplied with a tightly-fitting 
perforated cork, to which is attached a piece of glass tube, 
having a bore from'the eighth to the tenth of an inch in dia- 
meter, and a length s)f about two feet. 

Let the Florence flask be now propped |ipright by means ^ 
of a ring of tow, or other convenient support, in a beaker or 
jar, to serve tho purpose of a bath, and let water of the tem- 
perature of about 60 " Fah. be poured uSto the tube until the 
flftfllr and tube aire nearly full. This disposition being made 
cold should be now applied to the Florence flask externally, 
by pouring water, containing a Httl# ice, into the bath. 

Under these oircumatanccs the level of the water in the tube 
will continue to fall until the thermometex^ indicates the tem- 
perature of the hath, and consequently of the water in the 
Florence flask, to be about 40° Fah. From this point it will be remarked that a con- 
tiiuied application of cold occasions expansion ; and this expansion through the eight 
d(^eGS of decrement of tomperature between 40° and 32°, is about equal to the 
•expansion consequent on eight degrees of thermal increment ; so that at 38° Fah. a 





CONSTRUCTION OF THE THERMOltETER. 


123 


giyeu weight of water occupies the same biUk as at 42®, at 37® Fah. the same bulk as 
at 43®, and in like manner for the remaining degrees. 

Thiiy)cciiliarity in the expansion and contraction of water under thermal influences 
was first rcmarls^dby the Florentine academicians towards the latter end of the 17th 
century, and<ilmoat itnincdiately aflhr confirmed in England hy Dis. Oroune and Wallis, 
and Messrs. Hooke and Hunt. 

For the sake of avoifling complication in directions for conducting the preceding 
experiment, the i^'und number, 40"* Fah., has been adopted as that a^ which a given j 
weight of wjtcr attiins its maximum contraction. In point of fact, howcviT, it is ; 
exceedingly dilflsult to ascertain the exact degh)e, or fraction of a degree, at v hich this 
maximum condcusatiftn is accomplished. Acoording to Crichton the degree is 42® Fah.,* 
whilst the experiments of Hallstrdm it at 39‘4.f , 

More recently M. Bespret^ having applied this difficult iavestitiition, 

arrived at the coiuflusion that water attaitia its MMinanm densi^ at -f- 4° cendgrafle 
== 39*2® Fah. His results seem to indicate, mQre(Frer,iilhat the domward rate of 
dilatation is more considerable than the upward rate. The difference, hSweAr, 
according to this philosopher, *is very minute, and may be probably attributable to 
errors of ^paratus or observation. The samo philosopher also finds sea water, 
and all salino solutions, have a maximum of density, and thi^ maximxLm of density 
sinks more rapidly than the point of congelatibD.| 

“ The anomalous expansion of water by cold,** remarks a. modem philosopher, § ‘‘is 
productive of some moat important consequences in nataire ; for if water, like other 
fluids, went on dmunidbiing in bulk, and therefore increasing in donsify, till it froze, 
laige bodies of water, instead of being only superfidially frozen in winter, would 
become sedid masses of ice. Let us take a fresh-wuter lake as an examine. The earth 
being warmer in winter than the air, the heat is withdrawn from the aur/ace of the 
water by the cold breezes that blow oveae it, and the whole body of water its tem- 
perature lowered to 40®, which •is the point of its greatest den^iy^ and a temperature 
congenial to fish and other aquatic animals. The cold now continues to operate upon 
the sur&ce of the water ; but instead of diminiehing its bulk, and rendering it heavier 
than the warmer water underneath, it expands and renders it lighUr ; so that, under 
tiiese circumstances, a stratum of icG||Cold water (at 32®) will be found lying upon a 
mass of wanner wat^ beneath it (at 40®). The influence of the cold eontinuing, the 
surfiMe of the lake will soon freeze, but the water immediately fielow the superficial , 
coating of ice will bo ^ound comparatively warm ; and as water is non- 

conductor of heat, it will bo a long time before the ice attains any thickness ; the | 
whole body of water, if of any depth, can never freeze throughout. Indeed, it will be i 
obvious that the retardatiem of freezing will be proportional to the depth of water which 
has to be cooled, and hmice some very deep basins or Inkfig are scarce^ ever covered 
with ice.** 

II. Oonstrtietion fff the thermometer, foundcM on the principle of es^ansion.-^ThQ 
thermometer is on instrument of so much importance, that it may he expedient to trace 
its history, and to explain the construction (ff the different kinrlg which are required in 
chemical researches. 

The instrument employed by Saxictorio, to whom the invmition of the tbexmonieter 

♦ Ann. of Phil.,” new series, v. p. 491. + « Ann. dc China, ct Phy«.,” xsviii. p. 90. 

t Vid© Original Monograph, by M. Uespr^, “Ann. de Cbim. ot Phys.,” t. Ixx. 

• \ Professor Biande. 
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lIsslie’s air thermometer. 


is geneililly asoribed, was of a very simple kind, and measured variations of tempera- 
ture by the viuriable expansion of a con^ned portion of air. To pr^aie this instrument, 
% glass tube is to be pf ovided, eighteen inches long, ofjen -at one end, and blgwn into 
a ball at the other. On applying a warm hand to the ball, the incluided air expands^ 
and a portion is exp^ed through the open end of the tube. In thiastate^the aperture 
is quickly immersed a cup filled with any coloured liquid, which ascends into the 
tube as the air^ in the ball contracts by cooling. The instniment is now prepared. 
An increase of temperature forces the liquor down the tube ; and, oif the contrary, the 
application of cold causes its ascent. These effects may be exhibited q].temately by 
applying the hand to the ball, and then blowing on it with a pair of bellows. By the 
application of a graduated scale the amount of the expansion may be measured.! 

The ball of the above instrument, it must be obvious, cannot be conveniently 
applied to measure the temperature of Jhquids. For qdapting it *to this purpose, a 
slight variation mayjbe made in its construction. To prepare this instrument, a small 
spherical glass vessel is to<)e £d)out one-sixth or one-fourth filled with any coloured 
liquid. The tube, open at both ends, is then to bo ^cemented into the neck, with its 
lower aperture beneath the surface of the fluid. The &pansion of the included %ir 
drives the liquid up the stem, to which we may affix a graduated scale, corresponding 
with that of a commop mercurial thermometer. Other modifications have also been 
made by different philosophers. One of the most useful and simple consists merely of 
a tube of very small bore, from 9 to 12 inches long, at one end of which is blown a ball, 
from half an inch to an inch in diameter, which is afterwards blackened by paint, or by 
the smoke of a candle. A small column of coloured liquid, about an inch in length, 
is then introduced, by a manipulation similar to that fdready described. To fit the 
instrument for use, tUs column ou^t to be stationary, about the middle of the tube, 
at the common temperature of the atmosphere. The lightest variation of temperature 
occasions the movement of the coloured liquid ; and a scale of equal parts measures the 
amount of the effect. 

An insuperable objection, however, to tho air thermometer, as thus eonstructedy is, 
that it is affected not only by changes of temperature, but by variations of atmospheric 
pressure. Its utility consists in the great amount of the expansion of air, which, by a 
given Kilevation of temperature, is increased ip bulk about twenty times more than 
mercury. Hence it is adapted to detect minute changes, which (he mercurial thermo- 
meter would scarcety discover ; and, its expansions being uniform for equal additions 
of heat, it is better adapted than any liquifl for becoming, wjien properly applied, an 
accurate measure of temperature. 

An ingenious modification of the air thermometer has been invented by Mr. Leslie, 
and employed by him, with great advantage, in his interesting researches respecting 
heat. To this<nstrument he has given the name of tho Differential Thermometer. 
Its construction is as follows : — Two glass tubes of unequal length, each ter minating 
in a hollow bdl, and having their boifts somewhat widened at tbp other ends (a small 
portion of sulphuric acid, tinged with carmine, being introduced into the ball of the 
longer tube), ore joined together by the* flame of a blowpipe, and afterwards bent 
nearly into the shape of the letter IT, the one flexure being made just below the joining, 
where the Bmall cavity facilitates the adjustment of the instrument. This, by a little 
dexterity, is performed by forcing, with the heat of the hand, a few minute globules 
of air from the one cavify into the other. The balls are blown as equal as the eye can 
judge, and from four-tenths to seven-tenths of an inch in diameter. The tubes are such? 
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as are drawn for thermometers, only with wide; bores ; that of the short one, to which 
the scale is aifized, must have an exact calibre of a 5(lth, or a 60tb, of an inch. The 
bore of ^the long tube need be so regular, but should be visibly larger, as the 
coloured Hquid will then move quicker under any impression. Each leg of the instru- 
ment is fronrthree tb six inches in height, and the balls are frcxn two to four inches 
apart 

** A moment’s attention to the coxAtruction* of this instrument will satisfy us that 
it is affected onl^Tby the difference of heat in the corresponding bolls ; and is calculated 
to measure q|ich difference with peculiar nicety. As long as both balls aro of the 
same temperatmb, whatever this may be, the air contained in both will have the same 
elasticity, and, Cbnsequcntly, the intercludcd coloured liquor, being pressed equally in 
opposite directions, must remain stationary. But if, for instance, the ball whic]^ holds 
a portion of the liquor bo waimer than the oUier, the superior elasticity of the confinpd 
air will drive the liquid forwards, and make it rise, in the opposite branch, above the 
zero, to an elevation proportional to the excess of elatticit^, or of heat.” The^o»nt 
of the effect is ascertained by^ graduated scale, the interval between freezing and 
bdlling being distinguished into 100 equal degrees. This instrument, it must be 
obvious, cannot be applied to measure variations in the temperature of the surrounding 
atmosphere, for the reason already assigned. It is peculiarly adapted to ascertain the 
difference of the temperatures of two contiguous spots in the same atmosphere ; for 
example, to determine the heat in the focus of a reflector. 

A differential thermometer has been contrived by Dr. Howard, resembling that of 
Mr. Leslie in its general form, but in which the ^gree of heat is measured by the 
expansive force of the vapour of ether or i^iiit of wine in vacuo. Directions for con- 
structing it are given in the eighth volume of the Quarterly Journal of Science, p. 219. 

It is intended to be applied to the same purposes as that of Mr. Leslie, but is said to 
be more sensible to changes of temperature, and the movement of the fluid (ether 
tinged by a drop of tincture df co< 2 }iineal) follows instantaneAxsly the application of 
the heating cause, whereas in the air thermometer some time is required before the 
effect takes place. 

Thermometers, filled with spirit of wine (a liquid which has not been congealed by 
any degree of cold hitherto produced}^ are best adapted to the measiRement of vdry low 
temperatures, at wbich mercury would freeze. The amount of the expansion of . 
alcohol, also, which exceeds that of mercury above eight times, fits it for ascertaining 4 
very slight variations j^f temperature. But it cannot be applied to measure high 
degrees of heat ; because the conversion of l^e spirit into vapour would burst the 
instrument. 

The fluid best adapted for filling thermometers is mercury, which, though it 
expands less in amount than air, or alcohol, still undergoes this changl to a sufficient 
degree ; and, in consequence of its difficult conversion into vapour, may be applied to 
the admeasurementvof more devated temporalures. As a considerable saving of 
expense will accrue to the experimentalist who is able to construct mercurial ther- 
mometers, I shall offer some rules for this* purpose. In general, however, I should 
deem it preferable merely to superintend their construction, when wanted for delicate 
experiments, and to be satisfied, by actual inspection, that the necessary accuracy is 
observed ; because much time must be unavoidably lost in acquiring the manual dcill 
which is essential to construct them neatly. 

Thermometer tubes may be had at the glass-house, and of most philosophical 
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instrument makers. In purdhasing t^pm, those should be rejected that are not her- 
metically scaled at both ends ; Qbecause the smallest condensation of moisture, which 
^must tidro place when air is freely admitted within , the tube, is injurious to the 
accuracy of the instrument. A small bottle of elastic gum should bc'prorided, ini the 
side of which a bras^yalye is fixed, or a piece of iSrass perforated by a Small hole, to 
bo occasionally stopped by the finger. A blow-pipe is also an essential part of the 
apparatus ; and, in addition to one of the ordinaly kind, it will be found useful to haye 
one which is supplied with air by a pair of double bellows, worked hf the foot. 

Before proceeding to the construction of the thermometer, it iS necessary to ascer- 
tain that the tube is of equal diameter in different pai-ts. This is dorife by breaking off 
both of the sealed ends, immersing one of them an inch or two deep ‘in clean and dry 
merct^y, and then closing the other end with the finger. On withdrawing the tube 
fi;om the mercury, a small column of that fluid remains dn it, the Icfigth of which is to 
be examined, by laying the tube horizontally on a graduated ruler.* By inclining the 
tube, this column may be gradually moved through its whole length ; and if the tube 
be of rmiform bore, it will measure the same in every port. Such a degree of per- 
fection, however, is scarcely over to be observed throughout tubes of considerable 
length ; but, in general, a portion of the tube irill be found perfect, of sufficient length 
for a thermometer, and this part is to be broken off. 

On one end of the tube let the neck ef the clastic bottle be firmly tied ; and let the 
other end be heated by the flame of the blow-pipe, till the glass softens. Kio softened 
part must then be pressed, by a clean piece of metal, into the form of a rounded button ; 
and to this the flame of the lamp must he steadily applied, till it acquires a white heat, 
and seems about to enter into fusiop. To prevent its falling on one side, the tube, 
during this time, must be constantly turned round by the hand. Wlien the heated 
part appears perfectly soft, remove it quiddy firom the lamp, and, holding the tube 
vertically, with the elastic bottle uppermost, press this last gently with the hand. The 
glass will be blown into a small ball, but not intObonc sufficiently thin for the purpose. 
To this the flame of the lamp must again be applied, turning it quickly round ; and, 
on a second or third repetition of the process of blowing, the ball will be completely 
formed. The proportion of the size of the ball to the bore of the tube can only be 
learned by some eaperience. 

To fill the ball,^hich has been thus formed, with mercury, I3ie air must first be 
expelled, by holding it over the flame of an Argand's lamp, and then quickly immersing 
the open end of the tube in very clean aid dry quicksilver. As the ball cools, the 
mercury will ascend, and will partly fill it. Let a paper funnel be tied firmly over the 
open end of the tube ; into this pour a small portion of quicksilver, and apply the heat 
of the lamp to the hall. Any remaining portion of air will thus be expelled ; and if 
the heat be raised so as to boil the mercury, the boll and stem will be filled with mer- 
j ourial vapour,, the condensation of which, on removing the ball from the lamp, will 
occasion a pretty comidete vacuum. Into this vacuum quicksilver will descend from 
! the paper cone ; and the instrument will be completely filled. But, for the. purpose of 
; a thermometer, it is necessary that the mercury should rise only to a certain height in 
; the stem ; and a few dre^s may, therefore, be expelled by cautiously applying the heat 
: ofthelamp. To estimate whether the proper quantity of quicksilver has been left in 

I If the tube be of an extremely small bore, the mercury Trill not enter, and nmst be drawn in 
iiy the action of the eiaetlc bottle, and not by the mouth. 
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the mstrument, immerse the bell first in ice-cold wat(^, and then in the moul^. The 
space between these two points will comprise about 6#, or rathgr more than one-thir4 
of the ifhole space between tl^p freezing and boiling points of water. If the empty 
part of the tub^ csrcecds, in leng^, about three times the portion thus filled by* the 
expanded qutclcsilter, we may proceed (when an instrument is •wanted with a scale 
including only from to 212®) to seal it hermetically^ which*is done as follows 
The part to be scaled is first heatdfi with the blow-pipe, and drawm out to a fine 
capillary tube ; tfie bulb is then heated, till a few particles of quicksilver have fallen 
from the toj^f tlic ftibc : at this moment another blow-pipe flame is directed on the 
capillary port 0f*the Jiubc, the heat is withdrawn fh)m the ball, and the tube is scaled, i 
at the Instant Arhen the mercury begins to descend. If this operation has been | 
skilfully performed, so as to leavo no air in the tube, the whole of the tube should be 
filled with quicksifver on holding the instrumicnt with the ball uppermost. • 

To have very large degrees, the ball must bear a considerable proportion to the 
tube ; but this extent of scale cannot be obtained wit£out Sacrificing, in some measiare^ 
the sensibility of the instruq^ent.* The whole of the process of constructing ther- 
mdmeters neatly and accurately is connected with the possession of manual skill, 
which practice only can confer ; and it is scarcely possible, without the most tedious 
minuteness, to dcscribo all the ncoossary precautions and manipulations. These will 
readily suggest themselves to a person who carries the above instructions into effect. 

In grachuating thermometers, the first step consists in taking the two fixed points. 
The freezing point is ascertained by immersing, in thawing 'snow or ice, the ball and 
part of the stem ; so that the mercury, when stationary, shall barely appear above the 
surface. At this place let a mark be made with g. file. In taking the boiling point, 
considerable caution is required ; and, for reasons which will afterwards be stated, 
attention must bo paid to the state of the barometer, the height, of which, at the time, 
should be precisely 29'8. A tin vessel is to be provided (for, acqprding to Gay Lussac,t 
one of glass leads to erroneous *rcsu]4is), four or five inches lon^r than the thermome- 
ter, and ftimished with a cover, in which are two holes. Through one of these the 
thermometer stem must be passed (the bulb being within the vessel), so that the part 
at which the boiling point is expected may be just in sight. The other hole may. bo 
left open ; and, the cover being fixed* in its place, the vessel, containing a few inches 
of water at the bottqm, is to be sot on the fire. The thermometer will' presently be 
wholly surrounded by the steam ; and when the merenry becomes stationazy in the ' 
stem, its placo must bo marked. The scalcAof Fahrenheit is formed by transferring the 
intermediate space to paper by a pair of compasses, and dividing it into 180'^, the 
lowest being called 32®, and the highest 212®. ^ The scale of other countries, however, 
differs considerably; but these variations do not prevent the comparison of observations i 
with different instruments, when the freezing and boiling points of water arc agreed : 
upon as fixed data. - . j ! 

III. TheAiVata^m md eoMraetwmof ihe^M'in th$ mercurial tlicrmomcier are ; 
nearly. proportional to the quantitiee of calorie which are communieated to the same homo^ 
geneoua bodies, or separated from them, so long^as they retain the same fornu 

Thus the quantity of caloric required to raise a body 20^ in tenq)crature, by . 
mercurial thermometer, is' nearly double that which is required to raiTO it 10®. . 

• Directions for constructing thermometers of great •sensibility nr* given by the CAevsIiar 
Landriaai, in the 7th. Volum* of ^ Journal of Science,” p. 183. 

t 82 *• An. de gh.‘* 174, and 7 “ An. de Ch. et de Phys.” 307. 
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Hence there appears to be a pretty aeourate proportion between the inorements or 
rdecrements of heat, apd the inwements or decrements of expansion in the mercury of 
a thermometer. On ^s principle, if equal quantities qi hot and cold water 1^ mixed 
together, and a thermometer be immersed in the hot water, and also^ the cold, pre- 
Tiously to the mix^tfre, the instrument should point, after the xhixture, -to the arith- 
metical moan, or to ^alf the difference of the separate heats,^.added to the less, or 
subtracted from the greater. This wMl be prbyod to be ^tually the &ct, by the 
following experiment Mix a pound of water at 172** with a pound ‘ at 32°. Half the 
excess of the caloric of the hot water will pass to the colder portion ; t| 2 pt is, the hot 
water will be cooled 70°, and the cold receive 70° of tempei^tgirc ; therefore^ 
172 — 70, or 32 -f- 70 = 102, will give the heat of the mixture. To attain the 
arithmetical mean exactly, several precautions must be observed, which have been 
painted out in Dr. Crawford's Essay on Heat, p. 9d. < 

The experimentsMof De Luc, however, have shown that the ratio of expansion does 
not strictly keep pace with the actual increments of temperature ; and that the amount 
of the expansion increases with the temperature. Thiv if a given quantity of mercury, 
in being heated from 32° to 122°, the first half of the scale, be expanded 14 partsjr in 
being raised icom 122° to 212°, the higher half, it will be expanded 15 parts. 

From the inquiries of Mr. Dalton, it appears to follow, that the irregularity of the 
expansion of mercury is even considerably greater than has been stated by De Luc. 
By the common mercurial thermometer we cannot ascertain the true rate of expansion 
in quicksilver, since the enlarged capacity of the glass ball, in which the fluid is con- 
tained, must necessarily affect the result. If the capacity of the ball remained 
unaltered, we should then be able (to determine the actual rate of expansion ; but by 
an increase of temperature its capacity is enlarged, and space is thus found, within the 
ball, for the expansion of that mercury, which would otherwise be driven into the 
tube. By knowing the rate of expansion in glass itself, we can correct this error ; 
but a small mistake in this datum will lead ui[. considerably wrong as to the true 
expansion of quicksilver. The real expansion of mercury in glass is greater thian the 
apparent, by the expansion of the glass itself, 
j hd^aking due correction for this circumstance, Mr. Dalton was led to conclude, 

I from his experiments, that, notwithstanding thi apparent diversities of expansion in 
} different fluids, tl^y all actually expand according to the sav^e law— v»., that the 
^ quantity of expansion is ae'ihe aguare of the temperature from iheir reapedive freesmg 
potato, or from their poinia ofgreateat denai^\ If then a thermometer were constructed 
with degrees corresponding to this law, they would be found to differ very considerably 
from those of the common mercurial thermometer, in which the space between freezing 
and boiling divided into 180 equal parts. But thq accmacy of the principle, on 
which this proposed modification of the thermometric scale is founded, has not been 
confirmed by . subsequent experience. ^ jye 

The view which has been taken ^y Mr. Dalton of the them^me^^j^ drawn the 
attention of Dr. Ure^* and of MM. Petit and Dalong,t to the same subject. The 
former concludes, from his experiments, that taking three thermometrio intervals from 
32° Fah. upwards, each of 180°, mercury has actually an increasing rate of expansion, 
and that 60 parts at 572° are expanded as much by the same power of caloric, os 61 
parts at 392°, and 62 parts at 212'*. 

• « Phil. Trans.” 1818. 4 « Annals of Philos.,” Vol. XIH. 
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But thig small difference ia compenaated by qiiRiitity 0^ yiinJrinIv pir in 

the bulb of a theimometer at high temperatures, in cjisequence of which the 
ouxial thermometer becomes i^true measurer of sensible heat* Petit and Bulong, 
also, satisfied th|inselyes that the expai^bility of mercury slowly as the 

temperature augmqiitB. From — 4(f* to 212% it is scarcely apprecigble, and cotre^onds 
with the* expansion of air, which they take for granted to be perfectly equable. The 
following table exhibits the dilation oSmercury*for a degree centigrade gX the various 
temperatures (aU centigrade*) indicated in the first column of the table, and measured 
by an air thermometfr : — 

, Temp. Indicated 

Temnorftiiurp • Espanslon of by tbe dilatations 

Temperature. Mercury. of the mercury 

supposed uniform. 

0 “ 0 . . . . 000 

100 . . •. . The . . . 100-00 

200 . . . . zhz • . 204-61 

300 . . . . 314-16 

• • 

Comparing the numbers in the first and last columns, it appears that up to 100° 
the mercurial and air thermometers give the same indications ; in the second interval, 
the excess of the former over the latter is 4-61% and in the last *interval it increases 
to 14*16 centigrade degrees. 

More lately the endeavour to reconcile the discrepancy of indications between air 
thermometers and mercurial ones has been resumed by M. Begnault, the abstract of 
whoso observations on this point axe as follows. This philosopher has arrived at the 
conclusion that the indications of the air thermometer almost exactly accord with those 
of the mercurial thermometer, between O'* and 100° (centigrade), which pretty nearly 
aocords with the deductions of preceding observers. It is worthy of remark, however, 
that in M. Begnault’s observaljons, the air thermometer manifests a retardation as 
compered with the mcrouiial thermometer, of about 0'2thB oi a centigrade degree 
towards the middle of the scale, a circumstance which seems to indicate that even for 
this range there is a difference between the expansive progression; the difference, 
however, is so small, that he believes it need not enter into calculation, more 
cially as it falls within the limits of ilhcertainty, dependent on altd^ation of the sem 
point in thermometer^} on account of slow contraction of their bulbs^ 

Above 100 degrees centigrade, the mercurial thermometer keeps pace with the air 
thermometer pretty equalLy until about ,260° C., from which point upwards the mer- 
curial gains on the air thermometer. At 300° C.*the difference amounts to 1 degree; 
at 326° 0. it amounts to 1°,76 ; and at 360° 0« the difference is 3 degrees between the 
indications of the two varieties of thermometers. According to M, Begnault, two air 
thermometers are always comparable, without reference to the kind 6f glass of which 
they may be &tde. This is not the case with i^ercurial thermometers, which, to b^ 
comparable, must be %iade of the same kind of glass ; the different rate of expansion 
between different varieties of which would o^erwise introduce an element of great 
practical discordance. A tendencjf to the same kind of error also exists when air ther- 
mometers are the subject of experiment ; but in this case the rate of expansion of air 

* To convert centigrade degrees Into those of Fah., double them, then deduct one-tenth, and 
add the constant number 82. Thus centigrade X 2 = 86, from which subtracted leaves 82*4, 
and to this adding 32 we have 64*4 Fah. 
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■0 graa% exeeeds that of glau, of wl)^teTer Tarie^, as to aiminidi the resulting error 
to an inappreciable extent, asi^ay be seen by reference to the following table, which 
shows that the incre&e of length proportionate to an increase of temperator^firom 32® 
to 212” Fah., is for the following substances, as indicated by the ao(v>mpanying table, 
and the enbic inereise, three times as much:— 


Flint glass 


€ 


‘Crown glass 



•rfrr 

Copper . 



1 

• TST 

Brass 



• 7^2 

Soft iron 



TTir 

Steel 




Gold 



trir 

Silver 




Lead ^ . o '• 



• Th" 

Tin 



1 


Now the mean cubic expansion for all gases between 32® and 212® Fah. wc have already 
accepted as being *^663 of their bulk at 32®; hence the ratio of expansive variation of 
air to flint glass, between the degrees indicated, is as *3663 to 0*000022, which is alto- 
gether unimportant. ^ 

These remarks will suffice to show that although thermometers of various kinds, — 
some of air, some of mercury, some of alcohol, — are used in the course of investigation, 
yet an accurate means of passing from the range of one kind to the range of another 
kind is still a desideratum ; and tKo exact rendering of thermal degrees indicated by 
one kind of thermometer into those of another kind, is a matter of impossibility in the 
present state of our knowledge. At one time continental philosophers aimed at the 
employment of air thermometers exclusively, whenever practicable, stimulated by the 
hope of thereby developing new laws of ^enflal expansion. For many years the 
position wais admitted, as 1 have already stated, that all gases expanded equally for 
equal degrees of temperature. This law created the supposition that the dilatation of 
gase^ was proportional to real quantities of heat. At this time, however, when it is 
known that the doefficient of dilatation is not Squal for all gases, — that it even varies 
for the same gas imder different pressures,— the air thermometer nas lost all theoretical 
advantages which were conceded to it in ^onsequence of the acceptance of those laws. 
At present, the only theoretical advantage possessed by it over other thermometers is, 
that any two instruments of this description are always comparable. 

The boiling point* of mercuiy, according to MM, Petit and Dulong, is 680® Fah., 
or, making tbe due correction for the expansion of glass, 662° of Fah. scale. The 
azpezimental result of Mr. Crighton, of Glasgow, was 666°. 

SonlM c£ TlianiLOflaatxic 'Although all modem thermometers 

are graduated between two flxed points of temperature— namelyf the freezing of water 
and the boiling of water, under a mean atmospheric pressure of ^® Par.— nevertheless, 
the number of degrees into which this space is divided varies. Three principal schemes 
of graduation present themselves, all of which must be examined, and a rule devised 
for effecting their mutual conversion. 

The three scales are (1) of Fahrenheit, (2) of Celsius, usually termed the Centi- 
grade scale, (3) the scale of Reaumur. 
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Water boils . 


Water freezes 

Cold produced by mix- ) 
tore of ice and salt . . ) 


IzQf 






The accompanying diagram will assist the rq^der injcomprehending the 
existing between &G three. •! 

Froocb SB inspectipn of thjji diagram^ it will be observed &at independentily of 

any variation in the ititanral 
between igrecsing to boil^ 
—a l>omb '#hich will be dis- 
eussed presentlyr-the scale of 
Fahrenheit manifests the pe- 
culiarity of denominating the 
freezing point of water as 32° ; 
whereas the scale of Centigrade 
mid of Reaumur represex^ the 
same as 0, or zero. The reasoi^ 
why the seemingly irrational 
^nunfrer 32° should hav^ beegi 
, adopted by Fahrenbeit as mdi- 

cat>v^o of the freezing point A water, does not appear. Suffice it to remark, that the 
number was adopted by him in defercncG«to some theoretical speculation. 

The further didercnce existing between the three systems of graduation is as 
follows : — the Fahrenheit scale establishes 180 divisions between the freezing and the 
boiling poitW: of water ; the scale of Celsius (centigrade) 100 ; and the scale of Reau- 
mur only 80°. Inasmuch as the freezing point in Fahrcnheit*s scale is 32°, and there 
are 180° between 32° and tbe boiling point of water, it follows that the latter must bo 
212°, or 32° + 180°. The boiling point, however, i|ccording to the Centigrade scale, is 
necessarily 100°, and of Reaumur necessarily 80°. These data being considered, we can 
readily convert the degrees of one thermometer into their equivalent degrees of a second. 
Thus, from the following proportion, it will be observed that a Fahrenheit degree is five- 
ninths of a Centigrade degree ; s8cing^tbat i/te nutnber of Fahrmheit degrees between 
the freezing to the boiling point, is to the number of Centigrade degrees for the same space, 
as unity is to fivS'^inths, Thus, 

F. C, F. C. 

(5i2 — 32) = : 100 : : 1 : 188 = 8 

Therefore, to convert Fahrenheit degrees into their equivalents ov the Centigrade 
scale, first subtract 32°, which leaves 180°, then multiply this number by five and ^vide 
by nine. Thus wo have ^ 


212 - 32 = 


180 X « .900 


9 


9 


= 100 . 


Conversely each Centigrade degree is larger than Ihe correspondings Fahrenheit 
0 

degree, in the ratio of ^ to 1 ; hence to reduce Centigrade degrees to those of Fahren- 

heit, multiply by nine, divide by five, and add thiry-two. For xnstanoe, it is required 

100 V 9 

to reduce 100° C. to their Fahrenheit cquivaldht. Here — = 180 32 =: 

212° F. ; and 212° F., the boiling point of water, we know to be the equivalent of 100° C. 

When it is required to convert negative degrees, or degrees below zero (tibius — 

— 2°, &c.), into their corresponding degrees on another scale, precisely tiie same rule of 
calculation holds good; although, when stated in common terms, it .seams diflbi^t. 
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An^ example will render this plain. It is deaired to represent 5** below zero, or — 5° 
of C., by its equivalent F. 32’%witibL 9^ subtracted, or remainder 23** is the number. 

If the operation bo viewed algebraically, the reader will see that the rule pf multi- 
plying by nine, dividing by five, and adding thirty-two, has been ii^licitly followed ; 
only the here bq^ng a negatitit quantity ( — 5^), it ultimately yields a negative 9° 
( — 9”), which adCe^ to -f 32"* is equivalent to subtracting a positive 9°. Thus, 

= —'a + 32 = + 23. 

6 o 

t 

The appended formulas will perhaps serve to fix the steps of ^thesq ^culatidns in 
the memory. 

F 32 V 5 

Fahrenheit to Centigrade, 5 = C. 

V I 

C 9 

'Centigrade to Fahrenheit, — + 32 = F. 

F 32 X 4 

Fahrenheit to Eeaumur, ~ 

Keaumur to Fahrenheit, -f 82 = F, 

The stops involved in the two last formulas have not been explained, because it is 
assumed they are self-evident, ^ expressing the[ratio or the ratio of degrees Beau- 
mur to degrees Fahrenheit. 

Motion of Firoe Oalozic.— 1. Its Badiation. 2. Its Passage through Solids and 
Fluids. 

Caloric Escapes from Bodies in Two Different Afoifoj.— Part of it finds its way through 
space, independently of other matter, and with immeasurable velocity. In this state 
it has been called ra^ant heat, or radiant caloric. ^ 

Badiant caloric exhibits several interesting properties. 

1. Its Beflection, (a) Those surfaces that reflect light most perfectly, are not equally 
adapted to the reflection of caloric. Thus, a glass mirror, which reflects light with 
great effect when held before a blazing fire, scarcely returns any heat, and the mirror 
itself becomes wWl On the contrary, a polished plate of tin, or a silver spoon, when 
similarly placed, ^reflects, to the hand, a very sensible degree of Ihumth ; and the metal 
itself remains cooL Metals, therefore, much better reflectors of caloric than glass ; 
and they possess this property in a higher degree, in propoi^on to the perfection with 
which they are poUshed. 

(&}. Chloric is reflected according to the same law that regulates the reflection of 
light. This is proved by an interesting experiment of M. Pictet ; the means of 
repeating which may be attained at a moderate expense. Provide two reflec- 
tors of planished tin, which may be twelve inehes in diameter, and segments of a 
sphere of nine inches radius. Parabolic mirrors are still better Adapted to the purpose ; 
but they are more expensive. Each of these must be fumi^ed, on its convex side, 
with the means of supporting it in a perpendicular position on a proper stand. Place 
the mirrors (^posite to each other on a table, at a distance of from six to twelve feet. 
Or they may be ]^ace4 in ti horizontal position, as represented in the wood-out at page 
100, an arrangement in some respects more convenient. In the focus of one, let the 
ball of an air thermometer, or (which is stiU better) one of the balls of a diffefrential 
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thermometor, be situated ; and in that of the other, BU8||bnd a ball of iron^ abbut four 
ounces in weight, and heated below ignition, or a nmaU matrass of hot water; , 
having deviously interposed a«screen before the thermometer. Immediately on with- 
drawing the screAi, t^e depression pf the column of liquid, in the air thermometer, 
evinces an increasd of temperature in the instrument. In this ex^griment the calorio 
flows flrst from the hqated ball to the nearest reflector ; from thif it is transmitted, in 
paraUcl rays, to the surface of the second refleetbr, by which it is collected into a focus 
on the instrument. This is precisely the course that is followed by radiant light ; for, 
if the flame of a taper be substituted for the iron ball, the image of the candle will 
appear precisely on thgt spot (a sheet of paper being presented for its reception) where 
the rays of caloric were before concentrated. 

(c) . When a glass vessel, filled with ico or snow, is substituted for the heated^ball, 
the course of the coloured liquid in the thermometer will be precisely in the oppoaits 
direction ; for its ascent will show, that the air in tjje ball is cooled by this arrange- 
ment. This experiment, which appears, at flrst view, to in%cate the reflection of coll, 
presents, in fact, only the reflqptmn of heat in an opposite direction ; the ball of the 
themometer being, in this instance, the hotter body. “ And since heat emanates from 
bodies in quantities greater as their temperature is higher, the introduction of a cold body 
into the focus of one mirror, necessarily diminishes the temperature of a thermometer 
in the focus of the other, in the same manner as a black body placed in the focus of the 
one would diminish the quantity of light in the focus of the other.*’* 

(d) . In Mr. Leslie’s ** Enquiry into the Nature, &c., of Heat,” a variety of impor- 
tant experiments are detailed, which show the influence of covering the reflectors with 
various substances, or of mechanically changing the nature of their surfaces, on their 
power of reflecting caloric. 

2. Caloric is refracted^ also, according to the same law that . regulates the refrac- 
tion of light. This interesting discovery we owe to Dr. Hprschel, whose experi- 
ments and apparatus will be loundiin ^o seventh volume df the ^^Philosc^hical 
Magazine.” 

3. The nature of the surface of bodies has an important influence'over their] power 
of radiating caloric. 

To exhibit this influence experimentally, let a canister of planishedj)lock tin, forining 
a cube of six or eighl^ches, be provided, having an orifice at the middle of its upper 
side, from half an inch to an inch m diameter, and the same in heig&t. This oriflee is 
intended to receive a caj^aving a small hoH, through which a thermometer is inserted, 
so that its bulb may reach the centre of the canister. Let one side of the canister bo 
covered with black paint ; destroy the polish qf another side, by scratching it with 
sand-paper ; tarnish a third with quicksilver ; and leave the fourth bright. Thmi dll 
the vessel with boiling water. The radiation of calorio from the blaokefled side is so 
much more abundant than from the others, as even to be sezmible to the hand. Place 
it before a reflector ^n lieu of the heated iroxPball already described. The ther- 
mometer, in the focus of the second reflector, will indicate the highest temperature, 
or most copious radiation of caloric, when theP blackened side is presented to the reflec- 
tor ; less, when the tamished or scratched side is turned towards it ; and least of all, 
when the poUshed side. 

Mr. Leslie showed, also, the influence of the indination of a surface, with leq^ct 
to a given' diri^tion'of calorific rays, upon the intensity of the effect produced f and 
* “Davy's Chem. Pbflos.,'’ p. 206 . 
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fbrst proved, experimentally, tlmt the r.ction of a radiant surface is proportional to the 
^ sine of the angle forij^ed hy that surface with the direction of the emitted rays. 

4. The varieties in the radiating power of dijBferent/urfaces are attended, «is might 

he expected, with corresponding variations in of cooling, ^’f water in a tin 

vessel, all of whose saides are- polished, cools through a given nuihher of degrees in 
eighty-one minutes, k will descend through the same numbe^r ii^ seventy-two minutes, 
if the suzface«he tarnished with quicksilver. ' Water, also, inclosed in a clean and 
polished tin ball, cools about twice more slowly than water in the same ball covered 
with oiled paper. Blackening the surface with paint, or even a*thin cort of varnish, 
on the same principle, accelerates greatly the rate of cooling. JThos^ ‘facts teach us, 
that vessels, in which fluids arc to be kept long hot, should have theif surfaces brightly 
polis];ied; the best reflectors of heat being the worst radiators. The superiority of 
metallic tea-pots, for instance, over those of earthenware, depends on the superior 
polish of their surface ; and the manufacturers of earthenware now increase its power 
of retaining heat by a thin^ilm of some kind of polished metal. 

5, lladiant heat has the power of penetrating fi,nd pas’sing through transparent 
bodies, such as plates of glass. The dull heat of a common Are is transmitted, accord- 
ing to Mariotte, with difficulty, and the heat from a matrass of boiling water not at all. 
De Laroche has shown that the loss of heat, transmitted through glass plates, is less, 
as the temperature of the source from which it emanates is more elevated. From a body 
heated to 182^*, only of all the heat emitted passed through a glass screen ; from one 
at 346®, of the whole ; and from one at 960% a much larger proportion, viz. J, 
appeared to pass through the screen. The same phUosopher ascertained that the heat 
which has penetrated through a pl£^e of glass, experiences, in its passage through a 
second plate, a loss proportionally much smaller in amount. He found, also, that a 
thick glass screen, though more permeable by light than a thin one of inferior quality, 
allowed mneh less radiant heat to pass, and that the difference became smaller as the 
temperature was raisevi. In all these cases, it ^s 6up])oscd that the screens are placed 
at equal distances from the radiating body ; for otherwise the effect will be greatly 
modified by that well established law of radiant heat, according to which its intensity 
diminishes in proportion to the square of the distance from its source. These facts, 
some'of which ha^ been colled in question, hav(^been fully confirmed by Mr. Hitchic.* 

G. Badiant caloric is aUorhtd with different facilities by different surfaces. This 
. is only stating, in other terms, that surfaces arc endowed with various powers of reflect- 
ing caloric ; since the power of absorbing caloric is precigely opposite to that of 
reflecting it. Hence the best reflectors of heat will absorb the least. It may be proper, 
however, to offer some illustiutions of ^he principle under this form. 

(»). Hxpose ihe bidb of a sensible thermometer to the direct rays of the sun. On a 
hot summeFaMay it will probably rise, in this climate, to. 108®. Cover it with Tr.«=liaTi 
' ink, and again expose it in a similar manner. During the evaporation of the moisture 
it. will fiill ; hut, as soon as tho coatii% becomes dry, it will ascca^d to 118®, or upwards, 
pf Fahrenheit,, or 10® higher than when uncovered with tho pigment f This cannot be 

1 I explained by supposing that the black floating is gifted with the power of retaining 
caloric, and preventing its escape ; because, from experiments already related, it appears 
that a similar coating accelerates the cooling of a body to which it is applied. 

(^). Colour has considerable influence over the absorption of caloric. Tbi> is shown 
by the fallowing very simple experiment of Dr. Franklin. 

• “ Brevrstcr^g Jouma!,^^ No. xiv. p, 350. + “ Watson's Essays,'* v. 103. 
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On a winter's day, when the ground is ooyered w^ snow, take £>ur pieces of 
woollen doth, of equal dimensions, but of different coloifn, nd., black, blue, brown, and 
white, a^d lay them on the sur&ce of the snow, in the immedhffce neighbourhood of * 
each other. In | few hours, me black cloth will have sunk considerably below the 
surface ; the •blue •allhost as much^, the brown evidently less ; ^d the white will 
remain precisely in. the same situation. Thus it appears, tha^ the sun’ s rays are 
absorbed by the darl-cdloured cloth| and e^ite such a durable he^t, as to melt 
the snow underneath; but they have not the power of penetrating the white. 
Hence the pjjpfcrendfe generally given to dark-coloured clothes during the winter 
season, and to dight-colourcd ones in summer, appears to be founded on a sound 
principle. 

(tf). This experiment has been varied by Sir H. Davy, in a manner which may be 
repeated at any seaSon of the y^ar. Take six E^milar pieces of sheet copper, each abouj 
an inch square, and colour the one white, another yellow, a third ^d, the fourth green, 
the fifth blue, and the sixth black. On centre of Aie sMe of each piece put q smqjll 
portion of a mixture of oil and w^, or cerate, which melts at about 76®. Then expose 
th(fir coloured surfaces, under ‘precisely equal circumstances, to the direct rays of the 
sun. The cerate on the black plate will.be^n to melt perceptibly before the red ; the 
blue next ; then the green and the red ; and, lastly, the yellcdw. The white will 
scarcely be affected, when the black is in complete fusion. 

Solid and Liquid Conducton of Caloiic.— Caloric passes, also, bqj; much 
more slowly, through solid and liquid bodies, which are then termed eonductars of 
caloiic. X 

1. Solid bodies convey heat in all directions, upwards, downwards, and laterally ; 
as may be shown by heating the middle of an iron rod, and holding it in different 
directions. Professor Pictet, indeed, by concentrating the sun’s rays upon the middle ^ 
of a rod of metal, kept in the axis of a glass tube, which wa» exhausted by the air* 
pump, found that of two thermometers in contact with the gnetal, the upper one 
indicated a quicker elevation of the mercury ; but this may be accounted for by the 
imperfection of the vacuum, and the carrying power of the air unavoidably 1^ in 
the tube. 

2. Some bodies conduct caloric mu^ more quickly than others. ^Coat two rods, of 
equal length and thLcjpess, the one of glass, the other of iron, with wax, at one end of 
each, only ; and then apply heat to the uncoated ends. The wax wfil be melted mudh 
sooner from the end of t]p iron rod than %om the glass one ; which shows, that iron 
conducts heat more quicldy than glass. 

Even the different metals possess very different powers of conducting caloric. An 
approximation to the degree in which they possess this property may be attainod by 
the following method, originally employed by Dr. Ingenhouz. Procure*eeveral solid 
cylinders, or rods, of the same size and shape, but of diiforent metals. They may be 
six inches long, and ^e-fourth of an inch in dfomoter. Coat them, within about an 
inch of one end, with bees-wax, by dipping them into this substance when melted, and 
allowing the covering to congeal. Let an cron heater be provided, in which small 
holes have been drilled, that exactly receive the clean ends of the cylinders. Aftear 
heating it bdow ignition, insert the cylinders in their places. The conducting pofwer 
may bo estimated by the length of wax coating melted from each in a given time. 
According to the experiments of Dr. Ingenhouz, the metals may be axrmigeA in the 
following order: — Silver possesses the highest conducting power; next goM; then 
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copper *'and tin, which arc n^ly eq^ ; and, below these, platina, iron, steel, and 
lead, which are greatly iiifiaioito the rest. 

* Despretz has reoehtly g^ren the following table , 

TABLE or THE COMFAHATTTE CONBT7CTINO FOWEK8 OF THE PBlNblFA.L HETALS, 


e AND OF SOME EAHTBT BODIES. . ^ 

Gold (gt eatest conducting power) . . r 1000,0 

Silver , . . . . . 9/3,0 

Platinum . .^981,0 

Copper ^ 898, 2»* 

Iron . . . 3^4,^ 

Zinc . • • . • • • 3^3,0 

Tin 303,9 

Lead . . . . ^ . . . • . . 179,6 

Marble . . 23,6 

Porcelain . . . . . , . 12,2 

Earth of Bricks and Furnaces • . . 11)4 


The conducting powers of bodies have been investigated by M. Fouricr,t with the 
aid of an instrument contrived by him for the purpose, to whi(^ he has given the name 
of iliemuimeter of ContaeU In its simplest form, it consists of a conical vessel of very 
thin sheet iroxii .^ed with mercury, closed at its circular base with very .thin parch- 
ment. A thermometer, whose bulb is plunged into the mercury, indicates, at each 
instant, the temperature of the liquid mass. By means of the flexible bottom of the 
cone, exact contact is made with a support placed under it, and kept at a given tem- 
perature, such as that of an apartment. When the conducting power of any substance 
^ is to be tried, a smaU circular disc, of the same size as the base of the cone, cut out of 
the substance to be tried, may be interposed between the flexible bottom and the 
support. The merem^ is flrst heated to a given temptrature (generally to 176° Fah.), 
and the rates of cooHng, during equal intervals, are carefully noted down. If we 
replace the disc by another of a different material, and again observe the descent of 
the thermometer in equal times, the rate of cooling will be found to differ materially, 
however thin the j>late which has been interpot^ ; for instance, a piece of the flnest 
paper will occasion a sensible difference. Varying the mateijial of the interposed 
plates produces vefy striking varieties in the ratio of cooling, and establishes a great 
difference of conducting power between ci^oo, linen, flannel^and woollen cloth. The 
circumstance on which the efficacy of the instrument seems to depend, is the close 
contact effected by means of the flexible bottom ; and the results are obtained with the 
greatest ease, either by em]^oymg thin plates, or by placing the instrument containing 
the heated niercury on a mass of any substance whose conducting power it is desired 
to. know. In equal intervals of time, for example, not exceeding flve minutes, the 
mercury cools with very different velocities, by placing it flrst ^n iron, then on sand- 
stone, then on bricks, and lastly on wood. The effect, it is acknowledged by M. 
Fourier, is a complicated one, and requires attention to some other circumstances, 
especisily to the i^eoiflo heat of the body under trial, for which due correction must 
be made. In another instrument, whidi he also describes under the name of 2%sr- 

* ** Ann. de Chim. et de Fbys." xxztI. 422. 

t « Ann. de Chim. et de Phys.*’ iv. 128 ; vi. 259; zztU. 285 (also *• Pog;.*’ li. 858) ; xxviU. 287. 
« Ann. de Chim. et de Phys.** xxxvii. 291 ; ** Abetr. Pogg.” xiii. 827. 
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moscope of Contact, the specific heats of bodies ^o not ahare in the efi^ts ; iSat this 
instrumenti being of a more complicated constructioii, cannot be understood without 
reference to the plate.* By tl^ first instrument, howeyer, a gAat variety of curious* 
facts have been jascertained, which could not have been anticipated d priori. M. 
Fourier finds; for kisftoce, that whSn several discs of different cgnducting substances 
arc placed under the cone, the order in which they are arran^^ causes a material 
difference in the conducting powiera of^he aggregates. , 

It is chiefiy oVing to the different conducting powers of bodies that they affect us, 
when we tou^ thenP, with different sensations of heat or cold. Thus, if we apply the 
hand in successiAi to a number of bodies (as a piece of wood, another of marble, &e.), 
they appear cold«in very different degrees. And as this sensation is occasioned by the 
passage of caloric out of the hand into the body which it touches, that body will feel 
the coldest which dairies away heat the most quickly ; or which, in other words, m 
the best conductor. For the same reason, of two bodies which a{p heated to the same 
degree, and both considerably above the temperature df th^hand, the best conductor^is 
the hottest to the touch. Thus the money in our pockets often feels hotter than the 
clcRhcs which contain it. * 

Amongst the most recent ezperimenl^ on the conduction of heat by solids are those 
of M. Senarmont.t His researches were prosecuted, for the moi^tpart, on crystalline 
bodies, the definite moleotdar condition of which seemed to promise the discovery of 
some law. ^ His method consisted in heating a plate of the crystal to be examined in 
the direction of its crystalline axis, and trace the progress of heat-conduction by 
observing the melting of wax, with which the sides of the crystalline plate had been 
previously covered. The following are two general deductions to which the philo- 
sopher has arrived * 

1 stly. In crystals of the rhombohedral system^ and media constituted like them, the 
conducting power varies in such a manner that, supposing a centre of heat to exist ' 
within them, and the medium to be indefinitely extended yn all directions, the 
isothermal suifaces are concentric elfipsoids of revolution round the axis of symmetry, 
or at least surfaces differing but little therefrom. 

2ndly. That in crystals having two optic axes, and media constituted like them, if a 
centre of heat be assumed to exist within, and the crystal to be indefinitely extended 
in all directions, the^othermal surfaces will be ellipsoids, with three unequal axes, or 
curve surfaces, differing but little therefrom. 

M. Senarmont did n^ extend his expegiments to crystalline bodies of the tessular 
system, because of the difficulty of obtaining specimens suitable to his wants. 
Inasmuch, however, as the forces which determine the shaping those crystals appear 
to be equal in all directidhs— a circumstance not only infeired from goniometric 
measurement, but by the discovery of Mitscherlich, that tessular ci^rstals expand 
equally by heat in all directions— there is great probability that the isothermal surfaces 
of such crystals are pherical. • 

3. Liquid and aeriform bodies convey heat on a different principle from that 
observed in solids, viz., by an actual change da the situation of their particles. That 
portion of the fluid which is nearest to the source of heat, is expanded, and becoming 
specifically lighter, ascends, and is replaced by a colder portion from above. This, in 
its turn, becomes heated and dilated, and gives way to a second cedder portion ; and 
thus the process goes on, as long as the fluid is capable of imbibing heat. 

• See “Ann. de Chim. et de Phye.** xxxvii. 391. t *‘N. Ann. Chim. Fhys.’* xXt. 457. 
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(a)' Take a glass tube, eight or tcu inches long, and about an inch in diameter. 
Pour into the bottom part, ior ^bout tlie depth of an inch, a little water tinged with 
'litmus, and then fill u^ the tube with common water, pouring on the latter e|:tremely 
gently, so as to keep the two strata quite distinct. If the upper pagt of the tube be 
first heated, the coloured liquor will remain at the ^bottom ; but if the tube be after- 
wards heated at the^igttom, the infusion will ascend, and will tinge the whole mass of 
fluid. ^ ^ * 

(^). Into a* cylindrical glass jar, four inches diameter, and 12fOr 14 deep, let a 
circular piece of ice be fitted 8| inches thick, and of rather less diameter than the jar. 
Or water may be poured into the jar to the depth of 3| inches, and a]lojv%d to congeal 
by exposure to a fircezing atmosphere, or by surrounding it with admixture of snow 
and ^alt. The ice is to be secured in its place by two slips of wood, crossing each 
other iike two diameters of a circle, set at right angles to each other. Pour, over the 
c^e of ice, water of 32*^ temperature, to the depth of two inches ; and on its siirface 
let there float a shallow circi’lar rvooden box, perforated with holes. From the cock 
of a ted-um, filled with boiling water, and raised so that its spout may be above the 
top of the jar, suspend a number of moistened thrcadlj, the lower ends of which mvst 
rest on the surface of the box. By this arrangement, when the cock is turned, the hot 
water will trickle down the thread, and will have its fall considerably broken. It wiU 
then spread over the surface of tho box, and pass through the perforated holes to the 
cold water beneath, over which it will float without mixing with it. Let {he jar be 
thus completely filled with hot water. The ice will remain unmelted for several hours 
at the bottom of the vessel. 

(tf). Fill a similar jar with hot water ; and, having provided a cake of ice, of equal 
size with tho former one, let it bo placed on tho surface of the water. In about three 
minutes the whole will be melted. Both these experiments are more striking if the 
water, used for forming the cakes of ice, bo previously coloured with litmus ; for, in 
the latter experiment, ^he descending currents of cold-water are thus made strikingly 
apparent. 

(d). These experiments may be varied, by freezing, in the bottom of a tube one 
inch wide, a portion of water, about two inches in depth. Then fill the tube with 
water ,pf the common temperature, and hold it inclined over an Argand’s lamp, so that 
the upper portion only of the tube may be heated. When thus disposed, the water 
^ may be made to bofl violently at tho surface, and yet the ice wilf not be melted. But 
if the experiment be reversed, and (the ice |[oating on the surface) heat be applied to 
the bottom of the tube, the ice will be liquefied in a few seconus. 

{$), Substituting water of the temperature of 41*^ for the boiling water U8e*d in 
experiment (<;), Count Bumford found, t&at, in a given time,* a much greater quantity of 
ioe was meltcdrby the cooler water. This appeals, on first view, rather paradoxical. 
The fact, however, is explained by a remarkable property of water, viz., that when 
cooled below' 40° it ceases to contract, and experiences, on the con’^ary, an enlargement 
of bulk. Water, therefore, at 40° (at tho bottom of which is a masS: of ice at 32°), is 
cooled by contact with the ice, and is expanded at the same moment. It therefore 
ascends, and is replaced by a heavier and warmer portion from above. 

It is in consequence of the same property that the surface of a deep lake is some- 
times sheeted ovear with ice, eveu when the water below is only cooled to 40° ; for the 
superficial water is Eg^cificaBy lighter than the warmer water beneath it, and retains 
its place, tiU it is changed into ice. This property of water is one of the most remark- 
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able exceptions to the law, that bodies are expanded by /ui increase, and contracted by 
a diminution, of temperature. 

i Fron^ these facts, Count ^umford concluded, that water is a perfbet non- 
conductor of cal(i:ic, and that It jiropagatcs caloric in one direction only, viz,^ 
upwaids, in c*onsc^ci ]£0 of the motions which it occasions among the particles of 
the fluid. 

The Count inferred also, that if thfse motiems could be suspended, caloric would 
cease to pass through water; and, with the view of deciding this question, he made the 
fallowing es^rimcnls, which admit of being easily repeated.* A cylindrical tin 
vessel must prcfiously;be provided, two inches in diameter, and 2^ inches deep, having 
a moveable covci^, perforated with a small aperture, for transmitting the stem of a 
thermometer, which is to be inserted so that its bulb may occupy the centre of the 
vessel. 

(/). Fill this vessel with water of the temperature of the atmosphere ; let the cover 
be put in its place ; and let the whole apparatus, except th^scalo of the thermopete];, 
be immersed in water, which ti be kept boiling ovqr a lamp. Observe how long a 
time is required to raise the water from its temperature at thc^ outset to 180% and 
remove it from its situation. Note, alio, how long it takes to return to its former 
temperature. • 

(y). Repeat the experiment, having previously dissolved in the water 200 grains of 
common stich. The thermometer will now require about half as long again to arrive 
at the same temperature. A similar retardation, and to a greater amount, is produced 
by the mixture of fur, eider-down, cotton- wool, and various other substances, which 
arc not chemically soluble in water, and w'Mch caji diminish its conducting power in 
no other way than by obstnicting tho motion of its particles. The same substances 
retard the propagation of heat through air also, by preventmg the movement of its 
particles among each other. In general, the lighter the non-conductor, as to weight, 
the better docs it act as an envelope te retain heat, and hence the better is it adapted 
to- the purpose of winter clothing. Air thus confined in small cells, iqppears to be a 
very slow conductor of caloric. 

The inference, however, respecting the complete non-conducting power of water, 
has been set asido by the subsequent inquiries of Dr. Thomsonf and^e late Dr. flohn 
Murray,} of Edinburgh, especially by a most decisive experiment of the lattca*. To 
establish the conducting power of water, it was justly deemed indispensable, that 
caloric should be prove(hto be i}ropagated through that fluid downwards. This, on 
actual trial, it appeared to be ; but it was objected, that the sides of tho containing 
vessel might be the conductor. To obviate this objection, Dr. Murray contrived to 
congeal water into the form of a jar, capable of holding liquids. This was separately 
filled with linseed oil and with mercury. At a proper distance below th^ surface, the 
bulb of a thermometer was placed; and on the surface of the liquid rested a flat iron 
vessel, containing boilng water. Under these cTrcumstanccs, tho thermometer inva- 
riably rose ; and though it ascended only a very few degrees, yet it must be recollected, 
that the cooling power of the sides of thef vessel would eflhctually prevent any 
considerable elevation of temperature. This experiment, in conjunction with j 
others, decisively proves that water is a conductor, Aough a slow or imperfect one, | 
of caloric. 

• See his ** Seventh Essay on Heat,” 8vo, 1/1)7. I 

+ Nicholson’s Phil, Joom.,” vol. Iv. p. 529. * Ibid, vol. i., pp. 165 and 241. 
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. Oaloiic the Cause of Uquidity. — Almost every solid is capable of passing to 
the fluid state on the applicaUon of a sufficient degree of heat, which is not the same 
for all solids, but di^rs for each. In many solids thp transition to the liquid form is 
sudden, while others pass through various stages liquidity before khoy become com- 
pletely fluid. The metals and ice are examples of the first, and vTax or tallow of the 
second kind of U4usfaction. In the former, it is more eqsy to determine what has 
been called the Jiixing or jpotn^/which ij constant in the same solid. 

All fluids, with the exception of chloride of azote, protochloride of carbon, sulphuret 
of carbon, and alcohol, are capable of being solidified by reducing theixAemperature. 
'When the natural form of a body is that of a liquid, and it only occ^a^ionally assumes 
the solid form, we call the temperature at which it is solidifled, oS: at which, when 
solid|it begins to melt, ihe freezing or congealing point ; and this is also constant in the 
game nquid, but different in various liquids, as will more clearly appear from the fol- 
lowing examples. # 

, I. ^The temperature of ffiefttiiy mota, or of thawing tee^ is uniformly the same at all 
times, and in all places, — This may be ascertained by,, the thermometer, which will 
always, when immersed in liquefying ice or snow, point to 32*^ Fah., whatsoever may 
be the height of the barometer, or the devation, above the sea, of the plaee where the 
experiment is made.^ 

II. The sensible heat or temperature of ice, of 32° Fah., is not changed by liquefaction . — 
A thermometer in pounded ice stands at 32°, and at the very same point in the water 
which results from the liquefaction of ice : core being, of course, taken to observe the 
temperature of the water, at the moment when the last portion of ico has been 
liquefied. ^ 

^111. ice, during ^liquefaction, must absorb much caloric, — ^Expose a pound of 
water at 32*’, and a pound of ice at 32% in a room, the temperature of which is several 
degrees above the freezing point, and unifomly the same during the experiment. The 
water will arrive atv the temperature of the room several hours before the ice is 
melted ; and the ice, when first melted, wiU exhibit, as before its liquefaction, the 
temperature of 32°. Yet the ice, during the whole of this time, must have been 
imbibing caloric, because a colder body can never be in contact with a warmer one 
without receiving; caloiio from it caloric, therefore, which has entered the 

ice, but is not to be found in it by the thermometer, is said to Ir.ve become latent. As 
, it is the cause of ^e liquefaction of the ice, it is sometimes called cedoric of fluidity, or 
constituent cedoric. • < 

lY. The quantity of calorie that enters into a pound of ice, and becomes latent, during 
Uquefaetion, may he learned by experm/epd.-^o a pound of water, at 172°, add a pound 
of ice at 32°. The temperature will not be the arithmetical mean (102°), but much 
below iir-vizF, 32°. AH the excess of caloric in the hot water has therefore disappeared. 
From 172°. take 32° ; the remainder, 140°, ^ows the quantity of ealoric that enters 
into a pound of ice during liquefactidh ; that is, as much calorie i. absorbed by a pound 
of ice, during its conversion into water, as would raise a pound of water ffom 32° 
to 172°. 

It is from the property of its uniformly absorbing the same quantity of caloric for 
conversion into water, that ice was applied, by Lavoisier and Laplace, to the admea- 
surement of the heat evolved in certain operations. Let us suppose the body (from 
which the caloric, evolved either by simple cooling or combustion, is to be measured) 
* Shuekburgh, ** Philosophical Transactions,*’ Ixix. 
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to be inclosed in a boUow sphere of ioe^ with an opening at the bottom. WhAi thus 
placed, tho heat which is given out will be all employejT in melting the ice ; and will 
produce liquefaction in direct proportion to the quantify of heat^volved. Hence the * 
quantify of ice w}iich is conve^d into water will be a measure of the caloric that is 
separated from thb J[)ody submitted to experiment. In this way, ]^voi8ier ascertained 
that equal weights of different combustible bodies melt, by burning, very different 
weights of ice. The%pparatus which^he employed for this purpose he has called the 
calorimeter. Its construction can scarcely be understood without the* plate, whieh 
accompanies tho description in his Elem^ts of Chemistry and I consider it 
unnecessary *fo,(Vpy it into this work, because the instrument is liable to several 
causes of fallac 3 ^ which render it quite inadequate to the accurate measurement 
of heat. 

V. The heat rendered latent hy the ftuAon oj[ various hodies'is not a constant sudntity, 
hut various for each individual body , — This is shown by the following results of the 
experiments of the two Drs. Irvine 



Calorie of 

Do. reduced to the 


fluidity. 

sp. heat of water. 

Sulphur . 

. 143*68° Fah. 

. . 27-14 

Spermaceti 

. 146 

• 

Lead 

. 162 

. 6*6 

Bees-wax 

. 175 


Zinc 

. 493 

. 48*3 

Tin 

. 600 

. 33* 

Bismuth • 

. 650 

. 23*25 


All the bodies enumerated in the table require, it may be observed, more caloric 
to bring them into a fluid state than is necessary to convert icp into water, for which 
140” are sufficient. 

VI. Other examples of the absorption of ealoriCj during the liqwfaetim of bodies^ are 
furnished by the mixture of snow and nitric acid, or of snow and common salt, both of 
which, in common language, produce intense cold. 

1. Dilute a portion of nitric acid«rith an equal weight of water; and whdh the 
mixture has cooled, add to it a quantity of light fresh-fallen snow. ^Oh immersing the 
thermometer in the mixture, a very considerable reduction of temperature will be 
observed. This is owing to the absorptiotfand intimate fixation of the firee caloric of 
the mixture by the liquefying snow. 

2. Mix quickly together equal weights of ^sh-fallen snow at 32°, and of common 
salt, cooled, by exposure to a freezing atmosphere, down to 32°. The two solid bodies, 
on admixture, will rapidly liquefy, and the thermometer will sink 32*, or to 0 ; or, 
according to Sir C. Blagden, to 4° lower.* To understand this experiment, it must be 
recollected that the «iow and salt, though at .tlfe freezing temperature of water, have 
each a considerable portion of uncombined caloric. Now salt has a strong aflinity for 
water ; but the union cannot take place wlfile the water continues solid. In order, 
therefore, to act on the salt, the snow absorbs all the free caloric required for its lique- 
faction ; and, during this change, tho free caloric, both of the snow and of the salt, 
amoimting to 32°, becomes latent, and is concealed in the solution. This solution 

• •* Philosophical Transactions,'* Ixxriii. 281. 
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remai& in a liquid state at 0, or 4° belpw 0 of Fah. ; but, if a greater degree of cold be 
applied to it, the salt separateiiin a concrete form. 

3. Most neutral liAdts, also, during solution in wat(^, absorb mucli caloric and the 

cold thus generated is so intense as to f^ze water, and eyen to ^congeal mercury. 
The former ezperiqxent, however (w«., the conljelation of water), may easily be 
repeated on a suznfinqr'B day. Add to 32 drachms of water 11 drachms of muriate of 
ammonia, 10 ^f nitrate of potassa, and ,16 of sulphate of soda, alf finely powdered. The 
salts may be dissolved separately in the order set down. A thermometer, put into the 
solution, will show that the cold produced is at or below freezing and a little 
water, in a thin glass tube, being immersed in the solution, will lo (frozen in a few 
minutes. i 

4. Crystallized hydrochlorate of lime, when mixed with snow, produces a most intense 

degree of cold. This property was disaovered some ypars ago, by M. Lovitz, of St. 
i^etersburg, and has^ince been applied, in this country, to the congelation of mercury 
on a very extensive scale. She proportions which answer best are about equal weights 
of the salt, finely powdered, and of fresh-fallen and light snow. On mixing these toge- 
ther, and immersing a thermometer in the mixture, tne mercury sinks with great 
rapidity. « 

For measuring exactly 'the cold produced, a spirit thermometer, graduated to 
50’ below 0 of Fah., or still lower, should be employed. A few pounds of the] salt 
are sufficient to congeal a largo mass of mercury. By means of 13 pounds of the 
hydrochloratc, and an equal weight of snow, Messrs. Pepys and Allen froze 56 pounds of 
quicksilver into a solid mass. The mixture of the whole quantity of salt and snow, 
however, was not made at once, but part was expended in cooling the materials 
themselves. 

On a small scale, it may he sufficient to employ two or three pounds of the salt. 
Let a few ounces of mercury, in a very thin glass retort, be immersed, first in 
a mixture of one poiuid of each, and, when this has ceased to act, let another 
similar mixture be prepared. The second will xipvcr fail to congeal the quicksilver. 
The salt thus expended may be again evaporated, and crystallized fur future experi- 
ments. 

YH. On ihe coMtmy, liquids, in Ueming iolid^ evolve or gw$ out caloric^ or, in common 
language^ produce heaU ,, 

1. 'Water, if cohered with a thin stratum of oil, and kept perfectly free from agita- 
tion, may be cooled down more than twenty degrees below 32^; but, on shaking it, or 
dropping into it a small fragment of ice, it immediately congeals, and the temperature 
rises to 32°.* 

2. ‘Expose to the atmosphere, when at a temperature below freezing (for example, 
at 25° of Fahrfnheit), two equal quantities of water, in one only of which about a 
fourth of its weight of common salt has been dissolved. The saline solution will 
be gradually cooled, without freezing, to 4°. The pure wat^T will progressively 
descend to 32*’, and will there remain stationary a considerable time before it congeals. 
Yet, while thus stationary, it cannot be doubted that tiie pure water is yielding caloric 
to tho atmosphere equally with the saline solution ; for, it is impossible that a warmer 
body be surrounded by a cooler one without imparting caloric to the latter. The 
reason of this equable temperature is well eaq>lainod by Dr. Crawford. Water, he 


Blagden, ** Philotophioal Transactionfl,** 1788. 
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observe, during freezing, is acted upon by two oppopte powers : it is 'depiiyed of 
caloric by exposure to a medium whose temperature is*below 32” ; and it is supplied^ 
with colaric by the evolution lhat prineiple from itself, viz., ot that portion which ] 
constituted its fjiidity. As these powers are exactly equal, the temperature of the 
water must i^maid ux^hanged till ^e caloric of fluidity is all evoWed. 

3. The evolution gf cdoric, during the congelation of water,iisVdl illustrated by 

the following experiment of Dr. Cra'^^rd fato a round tin vessel put a pound of 
powdered ice ; surround this by a mixture of snow and salt in a larger vessel ; and stir 
the ice in tly^ inner Bne till its temperature is reduced to -f* 4” of Fahrenheit. To the 
ice thus cooled,* li^d a j»ound of water at 32”. One fifth of this will be frozen ; and the 
temperature of the ice will rise from 4” to 32”. In this instance the caloric, evolved 
by the congelation of one fifth of a pound of water, raises the temperature of a pound 
of ice 28*. * • 

4. If we dissolve sulphate of soda in water, in the proportionsof one part to five, 

and surround the solution by a freezing mixture, it cools gradually down to 31*. The 
salt at this point begins to 1^ deposited, and stops the cooling entirely. This evolution 
of *caloric, iiring the separation of a salt, is exactly the reverse of what happens 
during its solution.* • 

5. To a saturated solution of sulphate of potassa in water, or of ahy salt that is 
insoluble in alcohol, add an equal measure of alcohol. The alcohol, attracting the 
water more strongly than the salt, precipitates the salt, and considerable heat is 
produced. 

Caloric the Cause of Vapoux.— I.’JFwy liquid, vohen of the same degree of 
chemical purity, and under equal circumstances of atmospheric pressure, has one peculiar 
point of tanperature at which it invariably boils, — ^Thus pure water always boils at 212”, 
alcohol of sp. gr. 0’813 at 173”, and ether at 96” Fah. ; and, when once brought to the 
boiling point, no liquid can be made hotter, however long thp application of heat be j 
continued. i 

The boiling point of water may bo readily ascertained by immersing a ther- 
mometer in water boiling, in a metallic vessel, over the fire. As there is some danger 
in applying heat directly to a vessel containing cither ether or alcohol, the ebullition 
of these fluids may best bo shown by isnmersing the vessel containing them in frater, 
the temperature of which may be gradually raised. The appearancejof boiling is owing 
to the formation of vapour at the bottom of the vessel, and its escape through the heated < 
fluid above it. That th^ steam which esc^es is actually formed at the bottom, and 
not at tho top of the water, may be seen by boiling some water in a Florence flask, or 
other transparent vessel, over an Argand’s lamp* The bubbles of vapour will evidently 
ascend from the bottom of the vessel. 

few exceptions to the fixity of the boiling poipt of liquids, arising chiefly from 
the material of which the containing vessel is made, have been stated by Gay Lusaac.f 
Under a mean pressme, the boiling poinbof watef in a metallic vessel is generally 212” ; 
in a glass vessel it rises as high as 216”, but may bo stated, on an average, at 214”. 
Even in the same glass vessel the boiling pofht is found to vary considerably. This 
appears to bo owing to some irregularity in the formation of steam, which may be 
observed to burst forth occasionally in large bubbles, the escape of which is immediately 
followed by a fall of the thermometer. If iron t>r copper filings, platinum wire, mr even 
* Blagdeo, Philosophioal Transactions,’* bcxYlil. 290. 
f “Ann. de Chim, et de Phys.” vii. 307, or “ Journ. of Science,” x. 361. 
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poundeld glass, be thrown into the glafs yessel of water thus heated, steam is instantly 
formed in great abundance, an4 the boiling point is immediately lowered two or three 
' degrees. By putting* coils of wire into liquids, heaM in glass vessels with a view 
to their dis^ation, they are made to boil quietly, and some degreesi lower than they 
would otherwise do., It is, of course, necessary toSise a metal which is not acted upon 
by the particular flhi^ under distillation— platinum, for instance^ when we operate on 
sulphuric acid,, A similar change of the boiling point, by the presence of extraneous 
substances, has been found by Dr. Bostock to take place in ether and alcohol. Ether, 
heated in a glass vessdi, had its boiling point lowered nearly 50** by introducing a few 
chips from a cedar pencil, and alcohol of s. g. *849 had its boiling pointireduced by the 
same means, between 30** and 40°. The boiling point of waW, heated in a glass 
vessel, was brou^t down 4° or 5** by the same method.* 

II. Steam has exaetlp the same temperature as boiliffff water . — ^Bet a tin vessel be 
provided, having twp holes in its cover, one of which is just large enough to admit the 
stem of a thermometer. Fitl it fiartly with water, and let the bulb of the thermometer 
be an inch or two above the suifiBu>e of the water, leaving the other aperture open for 
the escape of vapour. When the water boils, the thermometer, surrounded by steam, 
will rise to 212®, which is precisdy the temperature of the water beneath ; yet water, 
placed on a Are, continues to receive heat very abundantly, even when boiling hot; 
and as this heat is not appreciable by the thermometer, it must exist in the steam in a 
ktent state. With saline solutions, the temperature of the steam arising ,from them 
is the same as that of the boiling solution itself.t The boiling points of a considerable 
number of saturated solutions are exhibited in the form of a Table in the ** Quarterly 
Journal of Science,’* zviii. 89. 

llL Perfectly farmed steam is eompJetdy invisible . — 
We may satisfy ourselves of this by boiling strongly 
a small quantity of water in a flask ; for perfect trans- 
parency will exist in the upper part of the vessel. It 
is only when it begins to be condensed that steam 
becomes visible. We have a proof, also, of the same 
fact in the thick fogs, which are produced by a sudden 
transition from warm to cold weather ; the vapour, 
which was imperceptible at the hijrh temperature, being 
condensed and rendered visible by the lower. 

The pergeot transparency gf steam, and also two 
other important properties on which depends its use as 
a moving power, viz., its elasticity and its condensibility 
by a remiced temperature, are beautifully shown by a 
little apparatus contrived by Dr. Wollaston, of which 
a &etch is annexed. It coisists of a glass tube about 
six inohes long and three-fourth^ inch bore, as cylin- 
drical as possible, and bbwn out a little at the lower 
end. It has a wooden handle, to which is attached a 
brass clip embracing the tube ; and within is a piston, ’ 
which, as well as its rod, is perforated, as shown by the dotted lines. This 
canal may be occasionally opened or closed by a screw at the top ; and the 
piston rod is kept in the axis of the cylinder by being passed through a hole 
* « A2iii.ofPhU.”N.S.ix.l96. + «Ann.of PW1.*» N. S.T. 76* 
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in a piece of cork fixed at the top of the tube. When the instrument iS used, a 
little water is put into the bottom ; the piston is thex^introduced, with its aperture left 
open ; and the water is heated over a spirit lamp. The common air is thus expelldfi 
from the tube, i^d when thi^ay be supposed to bo effected, the aperture in the rod 
is closed bj; thGP>|crew. On applying heat, steam is produced, ^hieh drives the piston 
upwards. On immelsing the bulb in water, or allowing it t^ tool spontaneously, a 
vacuum is producedPin tiie tube, an4 the pis^n is forced downwards by the weight of 
the atmosphere* These appearances may be alternately produced, by repeatedly 
heating and cooling the water in the ball of the instrument. In the origin^ steam 
engine, tlf^ yapour was condensed in the cylinder, as it is in the glass tube ; but in 
the engine as i^iproVed by Mr. Watt, the stemn is pumped into a separate vessel, and 
there condensed ; by which the loss of heat, occasioned by cooling the cylinder every « 
time, is avoided.* ^ 

lY. Th^boUing point of ilie aame fluid varm under different degreee of atmoapbirxe 
Thus water, which has been removed from the fire, and has ceased to boil, 
has its ebullition renewed when it is placed under a receiver, the air of whlcL. is 
quickly exhausted by an alr^ifinp. Alcohol and ether, confined under an exhausted 
receiver, boil violently at the temperature of the atmosphere. In general, liquids boil 
in vacuOf with about 124° less of heat than are required under p mean pressure of the 
atmosphere ;* water, therefore, in a vacuum must boil at 88°, and alcohol at 49° Fab. 
Even the ordinary variations in the weight of the air, as measured by the barometer, 
are sufficient to make a difference in the boiling point of water of several degrees 
between the two extremes, f as shown in the following table : — 


Hei^chtof Bolling point Height of .Boiling point 

Barometer. of water. Barometer. of water. 

26 204-91° 29 210-19° 

26-5 205-79° 29-5. .•. . . .211-07° 

27 2P6-67° 30 . . f . . . 212° 

27*5 207-55^ 30-5 ...... 212*88° 

28 208-43° 31 213*76° 

28-5 209-31° 


I On ascending considerable height^ as to the tops of mountaia6,«the boiling j^oint of 
: water gradually fal|p on the scale of the thermometer. Thus, on the summit of Mont 
I Blanc, water was found by Saussure to boil at 187° Fah. On this fitet is founded the • 
use of the thermomete%in the measurement of heights, which, though originally sug- 
gested by Fahrenheit, has only within the last few years been made conveniently 
practicable, by the invention of a tbermomet^, adapted to the purpose, by the Bev. 
Mr. Wollaston.:]: Without entering into mmute detaHg, it would not be possible to 
give a dear idea of the mstrument. It may be sufficient to state, tlfiit ei^ degree 
about the boiling point% made to occupy a space that admits of being distinctly 
divided into 1000 pepte. And as each degree offFahrenhdt is equivalent to 0-589 of an 
inch of the barometer, which indicates an elevation of 530 feet, it follows that one 
thousandth part of a degree will be equivadent to a difference in height of about six 
inches. In iiset, the height of a common table produces a manifest difference in the 
boiling point of water, as ascertained by this very sensible instrament 
• Black's Lectures, 1 . 151 . 

t SirO. Shudeburghfin “PhilosopbisalTmiifsottoiis,” Ixxlx. 875 ; and Geo. B 07 in ditto, lxvU. 6S7. 
t *• PhiUieopkical Trsasaotione,*' 1317. 
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I The influence of a diminished pressure, in causing ebullition to take place at a • 
I lower temperature, may also be ill ustrated by the following simple experiment r— Place ; 
over a ^mp a Florence*flask, about three-fourths filled with water ; let it boil ^brisldy 
during a few minutes ; and, immediately on removing it from the lampi cork it tightly, 
and suddenly invert i^ The water will now cease tt) boil ; but, on cfifOling the convex : 
part of the flask by t stream of cold water, the boiling will be 'renewed. Applying 
boiling water fijpm the spout of a tea-kettle to the same part of' the flask, the water 
will again cease to boil. This lunewalof the ebullition, by the application of cold (an 
apparent paradox), is owing to the formation of an imperfect vacuum over the hot 
water, by the condensation of steam ; and the suspension of boiling, 0 D»r^-applymg the 
heat, to the renewed pressure on the surface of the hot watei^, oc<iasioned by the 
formation of f]*esh steam. 

From the facts which have been stated, it may be inferred that the particles of 
caloric are mutually Repulsive, and that they communicate this repulsive tendency to 
otli^r. bodies in which calorfi is \jontamod. This repulsive power tends to change ' 
solids into fluids, and liquids into aeriform bodies; and is chiefly counteracted by the 
pressure of the atmosphere. Were this counteracting cause removed, many bodio?, 
which at present have a liquid foiln, would cease to be such, and would exist perma- 
nently in a gaseous state. Precisely the same effect, therefore, results from the pre- 
valence of cither of these forces. Add to certain liquids a quantity of caloric, in other 
words, place them in a high temperature, and they immediately assume aq aeriform 
state. Again, their temperature remaining the same, diminish the weight of the 
atmosphere; and the caloric, which they naturally contain, exerts its repulsive : 
tendency with equal ofiect, and thcy^arc in like manner converted into gases. These 
facts are best shown by the following experiments on ether : — 

1. Ether, at the temperature of 96% exists in the state of a gas. This may be shown 
by filling a jar with water a few degrees above this temperature, and inverting it in a 
vessel of the same. Then introduce a little ether, hy moans of a small glass tube 
closed at one end. The ether will rise to the top of the jar, and, in its ascent, will be 
changed into gas, filling the whole jar with a transparent, invisible, elastic fluid. On 
permitting the water to cool, the ethereal gas is condensed, and the inverted jar again 
becomes filled witli water. ^ 

, 2. Ether is changed into gas by diminishing the weight of the atmosphere. Into 

f a glass tube, about W inches long, and half an inch in diameter, put a tea-spoonful of 
I ether, and fill up the tube with water ; then, pressing the tlmmb on the open end of 
the tube, place it, inverted, in a jar of water. Let the whole bo set under the receiver 
of an air-pum]^^ and the air oxhau8ted| The ether will be changed into gas, which 
will exp^ fhe irtAeir entirely from the tube. On re-admitting the air into the receiver, 
the gas is condensed into a liquid. 

It ia evidently unnecessary that a liquid should boil i0vam>^ in order to be con- 
verted into vapour ; for all liquids h&ve, in fbet, at every tcmpqi’ature, a tendency to 
assume the state of gas, and several which exhibit, at the common temperature of the i 
atmosphere^ no appearance of ebullition, «re nevertheless convertible into vapour, at 
that temperature, under an exhausted receiver. The quantity of vapour, produced in 
vaeuOf varies with f^e space, the temperature, and the nature of the liquid. Istly, It is 
proportional to the space, for a double space gives occasion to the formation of a double 
quantity of vapour ; and if a given volume of vapour be mecbanically com^essed into 
half its bulk, one half will be re-converted into water. 2ndly, It increases with the 
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tcmpefature, but in a greater proportion. Srdly^It is different for differ^t liqu& ; and 
it may be observed that liquids which enter most easily into ebullition are generally, 
though with some exceptions, those which, at a given temperatAre, afford the densesif 
vapour. Thus tjie vapour of ^ther is more dense than that of water. The caloric 
required to prodil^ this sort of evaporation, which may be in order 

to distinguish it fiomithat produced by obvious sources of heat, jscupplied in the first 
instance by the liquift itself, the tcmp^ratui'e o/ which is at first observed to fall, and 
is afterwards rostered by the influx of heat from surrounding bodies. 

Spontaneous evaporation goes on, also, from the surface of liquids exposed to the 
atmospherc,*%^d,a quantity of vapour is produced which, from the same liquid, is 
determined by tl^ pressure and the temperature. If to a given volume of dry atmo- 
spheric air, confined over mercury, we admit a small quantity of water, the volume of • 
tho air is increased by the admixture of aqi^ous vapour. Substituting, at the* sam^c 
temperature and pressure, any* other gas for atmospheric air, an ^pension is produced 
to precisely the same amount ; and- it is rcmarkablt? th^ the quantity and force jof 
vapour, in a given volume of air or of gas of extreme moisture, is precisely the same 
as in a Torricellian vacuum oi^lilfe volume.* These facts show, as will afterwards more 
fully appear, that spontaneous evapora^on is entirely independent of any affmity of 
air for water, and is to be explained entirely by the general law^ regulating the pro- 
duction and force of vapour. 

y. considerably increasing tlie pressure^ water may be heated to above 400"^ Fah. 
without being changed into vapour, — This experiment requires, for its performance, 
Fapin's digester^ which is merely a strong vessel of iron, or any other tenacious metal, 
the lid of which is firmly screwed down, after introducing the fluid which is to be 
heated. To prevent the vessel from being burst, iti lid is provided with a safety valve, 
which may be loaded with any weight that may be thought necessary and prudent. 
That the boiling point of water, and the temperature of steam, are raised by an 
increased pressure, may be equally well shown by means of t^o small boiler, repre- 
sented at page 153, which will bo found extremely useful in experiments on this 
subject. 

On the cock c may be screwed, occasionally, a valve, leaded in the proportion of 
M pounds to tho square inch ; or a gauge adapted to show the density of the steam, 
by tho diminution of volume in a confined portion of air, wliich will occupy a bulk 
inversely proportionate to the compressing force (soff Fig. p. 163,/.)* The boiler being , 
rather more than half filled with water, an^ the perforated cap, d, being screwed into 
its place, the ball of the Aermometer will bo an inch or more above the surface of the 
water, and will indicate its temperature, as well as that of tho steam, both being, 
necessarily, in all eases, precisely the same. Allowing the steam to escape ilvough the 
cock c, before affixing the valve, the temperature of the steam, under a mekn atmo- 
spheric pressure, will be 412°. 'When an additional atmosphere is added by tho 
weighted valve, it will rise to 250” ; by a valve t^ce as heavy as tho first, or loaded 
in the proportion of ?2 pounds to tho square inch ( = three atmospheres), the tem- 
perature of the steam will be raised to more jhan 270''^ This is as for as it is safe to 
carry tho experiment. 

An apparatus adapted to the same purposes has been contrived, also, by Dr. Karoet, 
and may be procured &oja the makers of philosophical instruments in London. It 
consists of two hemispheres (see the figure), generally of brass, wliich are fixed together 
* Dalton’s New System,” p. 158. 
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by flanches and iM^rews. At the uppey part are three openings, into one of which 
[ a cook may be screwed ; into the other a thermometer, 

graduated to 250°, or upwar^ ; and into the centi;^ one is 
fixed a long glass tube, opeii at both ends, and reaching to 
within about one-eightii of an inch cf bottom of the 
boiler. When the apparatus is used, mercury sufficient to 
fill the tub^ is first «put into thd yciteel, and over this a 
quantity of water sufficient to occupy abiiut half its capa- 
city is poured, and the cock being shut^ the.heat of a spirit 
lamp, with three or four wicks, is applied.* With this 
boiler, precisely the some experiments may bo made as 
with that whioh I have already described, lie only differ- 
ence being in its form, and in the gauge<for meifsuring the 
force of the steam which is generated ; for this, by its 
^resstire, drives the mercury up the tube, and by the 
. height of the column exhibits in a more striking manner 

the correspondence between tue ehwticity of the steam and 
^ its temperature. „ 

I The elasticity of the vapour of water from 32° to 212° 

^’ah. had been experimentally determined by Mr. Dalton, 
who, from his results, had cedculated its force ^t tempera- 
tures above the ordinary boiling point. It was still, 
m ^ however, desirable to ascertain, by actual experiment, the 

Jy I) |) I elastic force of vapour above 212°, and this has been 

^ attempted by Professor Robinson, Mr. Southern, and Dr. 

Ill ’ I ^ Dre. Mr. Southern's experiments were made many years 

ago, but were first published in Dr. Brewster’s edition of 
Professor Robinson’s works. The following table expresses the elasticity of aqueous 
vapour according to his experiments, under oney two, four, and eight atmospheres : — 


Atmospheres. 



Pressure in inches 
of Mercury. 

Temperatures 

Fah. 

1 « . 



. 29-8 ,4 

. 212° 

H.. • 



44*7 . 

. ,234* 

2 . 



. 69-6 . 

. 260*3 

2i . 



. 74«e . 

. c . 264*2 

3 . 



. 89*4 . 

. 276* 

,31 . 



. a04-3 . 

. 286*3 

4 



. 119-2 . 

. 293*4 

H . 


.• 

. 134*1 . 

. 802* 

6 . 



. 149* . 

. 809*2 

H . 



.• 163*9 . 

. c 316*4 

6 . 



, 178*8 . 

. 322*7 

«1 • 



. 193*7 . 

. 328*5 

7 . 



. 208*6 . 

. 334*4 

7J . 



. 228*6 . 

. 339*3 

8 . 

• 

• 

. 238*4 . 

. 343*6 

Dr. Ure*s experiments 

were 

published in the 

Philosophical Transactions 
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1818. By reference to his results, it will bei seen that between 82*^ and 212% an 
almost exact coincidence may be observed between the ezperimenta of Dalton 
and of TJre ; but this ceases ai(oye the boiling point of water, tor there Mr. Dalton’s 
numbers were j|Mculated on the presumption that the same law of progreasion 
obtains in the hi^r>s in the lower ranges, which does not appear to be correctly 
the fact 

Dr. Ure has examined, also, the elhstic forees of the vapours of alcohol, ether, oil of 
turpentine, and naphtha, and has exhibited the results in the form of a table. To the 
experimentg«on ethhr it has, however, been ‘ objected by Mr. Dalton that they were 
m^e on that fldid ip. an impure state, as is evident from its boiling point, which 
Dr. lire states a£ 104*’ or lOd” ; whereas the point at which pure ether boils, under the 
pressure of the atmosphere, is 96** Fah. Mr. Dalton has, therefore, from his own 
experiments, constructed a fresh table. , 

VI. The density of steam is nearly ^ if not accurately y proportiviedl to its eUstieity ; at 
least this may be affirmed of it within the limits of mr. Sfinthem’s experiment, wlvlch 
extended to steam formed unjer a pressure of 120 inches of mercury, or of four 
atmospheres. Thus steam o^ elasticity = 40 inches of mercury required 1*430 cubic 
inches of water to form each cubic foot of steam ; vapour of 80 inches required 2*940 
cubic inches of water ; and vapour =120 inches force required for each cubic foot 
4*279 cubic inches of water. The elasticities, therefore, and the quantities of water in 
these experiments, have the same common multiple : in other words, steam of double, 
triple, &c., clastic force contains, in an equal volume, twice, thrice, &c., the weight of 
water. 

VII. The force of vapour from different liquids ^varies at the sameVemp^rafwre.-— This 
is best shown by the following elegant contrivance of Mr. Dalton :->Take a barometer 
tube, perfectly dry, and fill it with 
mercury just boiled, marking the place 
where it is stationary ; then, 'having 
graduated the tube into inches and 
tenths, pour a little ether, water, or any 
other liquid the subject of experiment, 
into it, so as to moisten the whol? 
inside. After this, (tgain pour in mer- 
cury, and invert the tube, carefully 
excluding air. The ^Siarometer, by 
standing some time, wiU exhibit a 
portion of the liquid employed, of one- 
eighth or one-tenth of an inch, upon 
the top of the mercurial column, be- 
cause, being lighter, it ascends by the 
side of the tube, wihich may now be 
inclined, and the mercury will rise to 
the top, manifesting a perfect vacuum 
from air. When the ordinary baro- 
meter is at the mean height (29*8), 
and the thermometer at 60% the foroe of 
vapour in the ether barometer will depress the mercury nearly 10 inches; of lulphuiet 

I of carbon about 8^ inches ; that of alcohol about an inch *, and that of water only about 
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0*4 inch) shoHring that the force of yapofx from each liquid in a yacuum is proportionate 
to its eyaporahility. - 

Exposing yapoor tkus confined to higher end lower /emperatures than thdT.; of the 
atmosphere, Mr. Dalton determined that the variation of the force ojL vapour from all 
liquide w the eame far the eame varioition of temperaiwre^ rechomnS vapov/r of any 
given force. Thus, astruLiing a force equal to 30 inches of mcrcqry ^s the standard — ^thot 
being the force<of any liquid boiling in the open lir— we find aqueous vapour loses half , 
its force by a diminution of 30® of temperature. So, also, does the vapour of any other ' 
liquid lose half its force by diminishing its temperature 30** befow that at which it 
boils, and the IUeo for any o&or increment or decrement of heat ^2^ position Mr. 
Didton established by a train of satisfactory experiments. 

VIJI. The latent heat of the vapours of fluids^ tlwugh constant for vapour of the same 
hM, and of a given elasticity^ differs-in different vapours, • 

The latent heat of^the vapours of different liquids has been investigated by Dr. Tire 
and by M- Despretz. The nmtho^ employed by both was to distil off a known quantity 
of each liquid, and to observe the tempeiature gained byjihe water employed to con- 
dense its vapour. From the results. Dr. Urc has constructed the following table* 

OEKERAL TABLE OP LATENT HEAT OP VAPOXTHS. 

Vapour of water at its boiling point 
„ alcohol (sp. gr. 0‘825) 

sulph. etlier (boiling point 104®) 

„ petroleum 

„ oil of turpentine (do, about 310'’) 

„ nitric acid (sp. gr. 1*494, boiled at ICo®) 

„ liquid ammonia (sp. gr. 0-978) 

„ vin^r (sp. gr. 1-007) . . «. 

.ne xollowing numbers result from the cz;|/oriment3 of M. Despretzf ; — 


Vapour of water 

„ ^alcohol (sp. gr. *793) . . ^ . . 373'’*86 

„ ether (sp. gi-. -715) o 163‘’-44 

„ oil of turp. (sp. gr. *872) 138‘’-24 


IX. The absorption of calorie, during evaporation, shovm by a veiy simple experiment , — 
Moisten a thermometer with alcohol, ^ or with ether, and expose it to the air, 
repeating these operations alternately. The mercury of the thermometer will sink at 
each exposure, because the volatile liquor, during the evaporation, robs it of its heat. 
In this way {especially with the aid of an apparatus described by Mr. Cavallo in the 
Philosopldcal Transactions,” 1781, p^d09) water may be frozenlln a thin and small 
glass ball by means of ether. The same effbet may be obtained, also, by immersing a 
tube, containing water at the bottom, in a^lass partly filled with ether, which is to he 
placed under the iseoeiver of an air-pump ; or the ether may be allowed to float on the 
sttrfaoe of the water. During the exhaustion of the vessel, the ether will evaporate 
rapidly ; and, robbing the water of heat, will completely freeze it ; thus exhibiting the 


457 

312-9 

183-2 

183-8 

550- 

865-9 

905 


♦ “ Diet, of Chemistry,^' pajrc 289. 


t “ Ann. do Chim. et de riiyg.” xxiv. 829. 
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i: singular spectacle of two fluids iu contact witb«ach>othor, one pf whioli i# in l&e act of 
; boiling, and the other of freezing, at the same moment. 

By t little modification ofi^the oxpeiinient, mercury itself, whi(di requires fic^ con- 
gelation a temixfetiye of almost 4 below 0 of Fahrenheit, may be froaen, as was first 
shown by iJr. A conical receiyar, open 

at the top, is placed oi^the plate of an oiri-pump, 
and a small tub^ with a cylindric^ bulb art its 
lower end, containing mercury, is suspended within 
the receivov^ through the aperture, by means of a 
brass plate, pfirforatsd in its centre, and fitting the 
; receiver air-tigfit, when laid upon its open neck. 

The tube passes through this plate, to which it is 
fitted by a leather adjustment^ or simply by % cork 
secured with sealing-wax. The bulb is then 
wrapped up* in a little cotton wool, or, what is 
better, in a small bag of p.n% fleecy hosiery, in 
wliich a small spirit thermometer, graduated below 
40' Fah., may also be included ; and,*aftcr being 
dipped into sulpburct of carbon or etber, the 
apparatus is quickly placed under the receiver, 
which is*exhausted as rapidly as possible. t In 
two or three minutes tbo temperature sinks to 
about 45’ below 0, at which moment the quick- 
silver in the stem suddenly descends with greijt 
rapidity. If it be desired to exhibit the mercury 
in a solid state, common tubes may be used, which 
have originally been about an inch in diameter, but 
have 'been flattened by pressure, when softened by 
the blow-pipe. The experiment succeeds when the temperature of the room is m liigh 
as -1- 40'’ Fahrenheit. 

X. The fixation of caloric in watery by Us conversion into steamy way he shown by the 
following experimenU : — 1. Let a po'^d of water at 212'’, and ^ht pounds *of iron 
filings at 300 ’, boa suddenly mixed together. A large quantity of vapour will be 
instantly generated ; and the temperature of the mixture will be oidy 212'’ ; but that» 
of the vapour producad is also not more than 212’ ; and the steam must therefore 
contain, in a latent or combined form, all the caloric which raised the temperature of t 
eight pounds of iron filings from 212'’ to 300'’^^ 

2. When a quantity of water is heated several degrees above tlio boiling point in a 
close vessel, and a cock is then suddenly opened, the steam rushes out^ith prodigious ^ 
noise and violence, and tlie heat of the water is reduced in three or forir seconds to the 
boiling temporatimH The water, however, coflstituting the steam which has escaped, 
amounts tC only a very trifling quantity, and yet it has been sufficient to caiTy off the 
whole escesjs of heat from the water in thefligester. 

3. ' The quantity of caloric, which becomes latent during the formation of steam, 
may bo approximated, by repeating the following experiment of Pr. Black. He . placed 

•34*‘Nich. Joiirn.”119. 

t In exhausting a vessel containing cither of these fluids, the valves of the air-pump must be 
metallic. 




162 


SPECIFIC GRAVITY OP STEAM. 


two cylindrical flat-bottomed yeaselB of^tin, five inches in diameter, and containing a 
small quantity of water at 60% On a red-hot iron plate, of the kind used in kitchens. 
In fonr minutes the water began to boil, and in twenti^inutes the whole wAs boiled 
away. In four minutes, therefore, the water receiyed 162^ of tempwature, or 40}^° in 
each minute. If w<r suppose, therefore, that the heat continues to enter the water at 
the same rate, during^e whole ebullition, we must conclude th»,t 40}*' x 20 = 810^* 
have entered tlie water, and are contained in the Tapour. 

It has been found by experiment that 76 . pounds of Newcastle coal, or 100 pounds 
of coal of medium quality, applied in the best manner, are requir^ for the evaporiza- 
tion of 12 cubic feet, or about 89| wine gallons of water. In practice, a pound of coal, 
on the average, may be considered as equivalent to convert a gallon (= 8 pounds 
avoirdlupois) of water into vapour. Wood charcoal, by combustteu, is capable of 
melting 94 times its weight of icc, and** of evaporating 13 times its weight of water, 
previously at 32° Faht Peat of the best quality, when properly applied, evaporates 10 
times its weight of water, but, as commonly used, only 4 or 6 times. Even with the 
assistance of heated air, only six times its weight can be «>vaporated, though Curaudau 
states that he evaporated 26 times its weight.* From evidence given before the 
House of Commons on the Gas light Bill, 17^ pounds of good London coke appear to 
be capable of raising from 66 to 70 pounds of water into vapour, or about 4 times their 
weightf 

XL Water, hy conversUm into iteam, has its bulk prodiymuly enlarged, viz., according 
to Mr, Waifs experiments, about 1800 times, or, according to Gay Lussae, only 1698 times, 
-—A cubic inch of water (or 262 grains) occupies, therefore, when converted into steam, 
of temperature 212% and force equal* to 30 inches of mercury, the space of nearly a 
cubic foot. The speciflo gravity of aqueous vapour under the ordinary pressure of the 
air, is to that of perfectly diy air, taking Gay Lussac’s data, as 10 to 16, or 0*62349 to 
1. The specific gravity which it ought to have from theory is 0*620, for this should 
result from condensing,*into two volumes, two volumes of hydrogen gas, sp. gr. 0*0688, 
and one volume of oxygen gas, sp. gr. 1*1026. The experimental result of Gay Lussae 
was obtained by comparing^ air and steam at the common temperature of 212° Fah.:^ 
But as all gases and vapours are expanded or contracted to the same amount by equal 
variatibns of temperature, it must be obvious* that the same relation will continue 
between air and aqqeous vapour at all other degrees of heat, px\>vided both are sub- 
• jected to a common temperature and pressure. Steam, therefore, when once formed, 
derives no greater increase of elastic force,^by raising its texhperature, than air; and 
no danger can arise from heating a confined portion of steam, provided the vessel 
contains no water, from which fresh steam might be generated. In that case, its 
volume (and if not sufiered to expand its elasticity) is increased about one-tenth of the 
original amount by every addition of about 60° Fah. 

XII. On, the contrary, vapours, during their conversion into a liquid form, evolve^ or 
give out, much calorie, — ^The heat given out by the condensation steam, is rendered 
apparent by the following experiment t—MJx 100 gallons of water at 60° with 1 gallon 
of water at 212° *, the temperature of the water will be raised about 1^°. Condense, 
by a common stiU-tub, 1 gallon of water, from the state of steam, by 100 gallons of 

• 79«Ann.Ch.»»8G. 

t /See also Count Rumford’s “Researches on the Heat developed in Combustion.** Phil Mag. 
xli.zUi.andxUiI. 

X “ Ann. de Chim. et de Phys.,** ii. 135. 
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water *at the tompenrtore of 60*. The irater1rini»er»i*ed 11'. 

water, condensed^ ateain, raiaes the tem^tnre of 100 ff«”* 

more thA 1 gallon of hoiling nater ; and, hy an easy eak^on, >;* •»«“ 
caloric imnarW to 100 gallona of c<)fd water hy 8 pounda of ateam, if it could ho^- 
di^“?S-^fVatr.w»uld^itto960»;. andl gano^^ 
into .team of ordinaiy dsnaity, con^ aa much h«t 

ice-cold water to the hmling point. A© qi^tity of ice, which la mdtad hy ateam 0 
mean density, is inraiiably 7i times the weight of the steam. 

For .xWhiiBiis the latent heat of ateam, hy meana of a amall appimtua, 
he placed on a feL, and with the aariatanoe only of a lan^, , I 

the^aimcxed woodcut wiU ho found eztremely well adapted. The nght angledpipe 



muat ho Bcrewcd, hower®, into ita place, aijA muat he made to terminate at 

of a iai a Imown quantity of water of a given temperature. T^ cm- 

ductog pipe and the jar ahould he wrapped round with a 

apparatuB being thuadiapoaed, let the water in the holier he 

i, with double ooncentrio wicks, or any oth® oonvementao^ of l*at, bU st^ 
iaauea in considerable quantity through the cock c, which la then to be ^0 

ateam wiU now paaa through the right angled pipe into the water 
which wni conden«. Se ateam, and willhave ite temp^ very 
Ascertain the augmentation of temperature and weight; and 

much a given weight of water has had its tmperature raised ^ 

condensed ateam. To anoth® quantity of water, equal in . 

that contained in the j® at the outset of the eipenmen^ add a 
212°, equal in weight to the condensed steam ; it wfll be found, on compansom cf the 
• •* Black’s LfOtursi,” 1. 169. 
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two resulting temperatures, that a giT«^ weight of steam has produced, by its conden- 
sation, a much greater eleyatioiL of temperature, than the same g^ntity of boiling 
^ water. This will be better understood by the foUowpg example, taken from actual 
experiment. 

Into eight ounceo of water, at 60'’ Fab., contained in the glassjar//) steam was passed 
from the boiler, iS& the temperature of the water in the jar rose Jo 17S'’. On weighing 
the water, it was found to haye gained 8} drathms ; that is, precisely 8^ drachms of 
steam had been condensed, and had imparted its heat to the water'. To facilitate the 
explanation of this experiment, it is necessary to premise the folibwing ];^marks. 

To measure the whole quantities of caloric contained in different bodies, is a problem 
in chemistry which has not yet been solved. But the quantities of* caloric added to, 
or subtracted from, different bodies (setting out from a given temperature) may, in 
many cases, be measured and compared with considerable accuraSy. Thus if, as has 
been already stated,* 2 pounds of water at 120’ bo mixed with 2 pounds at OO’, half the 
excess, of caloric in the hotVater will pass to the colder portion ; that is, the hot water 
will be cooled SO'*, and the cold will receive 30'’ of te^jipcraturo ; and, if the experiment | 
be conducted with proper precautions, 90% the arithmetical mean of the tcmperatinb of 
the separate parts, will be the temperattu*c of tilic mixture. If 3 pounds of water at lOO'* 
be mixed with 1 poimd at 60°, we shall have the same quantity of heat as before, ric., 

4 pounds at 90°. Hence, if the quantity of water be multiplied by the temperature, 
the product will be a comparative measure of the quantity of caloric whkh the water 
contains, exceeding the zero of the thermometer employed. 

Thus, in the last example, 

3 X 100 = 300^= the caloric above zero in the first portion, 
lx 60 = 60 = the caloric above zero in the second ditto. 

The sum, 360 s=: the caloric above zero in the mixture. 

Dividing 360 by 4, th^ whole quantity of water,, we' obtain 90% the temperature of the 
mixture. 

This method of computation may be conveniently applied to a variety of cases. 
Thus, in the foregoing experiment, 8^ drachms of steam at 212'*, added to 64 diachms 
of wdter at 50% ppoducod 72 J drachms of watcr, 4 t 173’. Now, 

72J X 173 12542J s= whole heat of the mixture. 

64 X 60 = 3200 == heat of 64 drachms, one of the component parts. 

. .. — 

9342J = heat of 8^ drachms, the other component part. 

Therefore 9342^ divided by 8^ = VP99, should have been the temperature of the 
latter portion (viz. 8^ drachms), liad none of its heat been latent ; and 1099 — 212 = 887 
gives the lateit heat of the steam. This result docs not differ mwe than might be j 
expected, owing to the unavoidable inaccuracies of the e^criment, from Mr. Watt’s 
determination, which states the latent heat of steam, on an averapo of nine exporiments, 
at 949*9®, say 950°.* Lavoisier, with the aid of the calorimeter, makes it 1000®, or a 
little more ;t Mr. Southern, 945 ; and Dr. Drc, 967. 

XIII. same weight of steam contains^ wMteoer tmy be its density, (nearly) the same 
quantity of caloric; its latent heat being increased, (nearly) in proportion as its sensible heat 
is diminished; and the reverse,~-ThB.t portion of the statement which appears in italics, 
is commonly known as WaiVs law. Recent investigations have demonstrated that it is 
• “ Black’s Lectures,” i., 174, and “ Letter to Dr. Brewster,” p. 7, n. + Ibid. i. 175. 
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slightly incorrebt, and must now he received, im a philosophical senect, as limited in 
the text. For all practical puiposes, however, the original law of Watt may be con- 
sidered at unaffected.* This principle, though scarcely admitting of illustration by an 
easy experiment, iS'one of consiaerable importance;' and an ignorance of it has l^en 
the occasion df msuly fruitless attempts to improve the economy oS fuel in the steam- 
engine. The fact, so ^ar as respects steam of lower density than Alftit of thirty inches 
of mercury, was long ago cletermined ffltperimentally by Mr. Watt.f Afi the boiling 
point of liquids is Snown to be considerably reduced by a diminished pressure, it seemed 
reasonable to^fuppos^that, under these circumstances, steam might be obtained from 
them with a Icstf ekpexyliture of fuel. Water, Mr. Watt found, might easily be distilled 
in vaem when at the temperature of only 70^ Fahrenheit. But, by condensing steam 
formed at this temperature, and observing the quantity of heat which it communicated to 
a giVon weight of witcr, he determined that its* latent heat, instead of being only 956% 
was between 1200® and ISOO'’. 

The same principle may be explained also by tfie foSowing illustration, prhich 
was suggested by Mr. Ewart. .t.et us suppose that in a cylinder, Airnished with a 
pisthn, we have a certain quantity of steam, and that it is suddenly compressed, by a 
stroke of the piston, into half its bulk. None of the steam will in this case be con- 
densed ; but it will acquire double elasticity, and its temperature wiU be considerably 
increased. Now, if wo cither suppose the cylinder incapable of transmitting heat, or 
take the mrment instantly following the compression before any heat has had time to 
escape, it must be crident that the sensible and latent heat of 6tea!m, taken together 
before compression, are precisely equal to the sensible and latent heat taken together of 
the denser steam. But in the dense steam the sensible heat is increased, and the latent 
heat proportionally diminished. Beversing this imaginary experiment, if wc suppose 
only half the cylinder to contain steam at 212°, and the piston to be suddenly raised to 
the top of the cylinder, the steam will be expanded to twice its volume, its temperature 
will fall, but its sensible and latent haat taken together will sti9 remain unchanged. 
The explanation of these facts will be furnished by a principle to be hereafter explained, 
vw., that the capacities of clastic fluids for caloric are uniformly diminished by increas- 
ing their density, and the reverse. 

Direct experiments to ascertain tlv latent heat of steam, fom^d under higher 
pressures than that of4he atmosphere, have been made by Mr. Southern, of Soho, and 
by Mr. Sharpe, then of Manchester. J Those of the latter were first published, and 

were to him quite originaJi They were conceived and executed very abl}^ but were 
subsequent, in point of time, to the experiments pf Mr. Southern, which, though only j 
lately made public, § were instituted many yeai;p ago. The latter consisted in ascer- ! 
taining the augmentation of weight and increase of temperature, gained by given quan- 
tities of water, from the condensation of known volumes of aqueous vapom* of different 
densities. The results presented differences in the latent heat of steam of different 
densities, but of so very small an amount as to arife probably fi*om unavoidablcsources 
of error in manipulation. The following table exhibits the principal results obtained 
by Mr. Southern:— 

* See M. Begnault on Relation des Experiences enterprises pour determiner lee Principales 
lois et les donn^es Numdriques qni entrent dans le Calcul des Maohines a Vapeur,’* Paris, 1847 ; or 
a translation of the same in Vol. I. of the Works of the Cavendish Society. 

t “ Black’s Lectures,” i. 190. t “ Manchester Society’s Memoirs,” Vol. II., Sew Series. 

\ Brewster’s ! i'.litioii of Prof. Robinson’s Works. 



156 


HIOH-PRESSUBE STEAM. 


Temperature Elaatioity of ditto Latent 

of Steam. in inebes of Mercury. Heat. 

229 V .... 40 ... . 942» 

270 .... 80 942“ 

296^ , . , .120 . . . . ^ 950“ 

The ezperimen( 84 )f Mr. Shaipe, and also a recent series by Element and Desormes 
(of which an abstract is given in the,A]]pendiz te> Thenard's V Tnhtd de Chimie/* vol. iv., 
p. 262, Sme edition), and more recently M. Regnault, establish the same general law, 
at least within certain limits. This law is of great importance in practice, since it 
shows that no essential saving of fuel can be reasonably expected^ ^om using, as a 
moving power, steam formed under high pressures : for as a pounSi of fteam, of whatever 
density, gives out by condensation the same quantity of caloric, it is obvious that, to con- 
vert*k pound of water into steam, will always require t^e same quantity of fuel, applied 
under equal circumstances, whatever may be the density of the steam which is produced. 
So fa^ indeed, from tendi&g to bconomize fuel, it seems probable that the higher the 
temperatuie of the water in the boiler, the greater will be the loss of heat by tho escape 
of hot air through the chimney. Nevertheless, there a!re certain cases in which high- 
pressure steam may be applied with great advantage to various manufacturing pro- 
cesses, as a means oj^ communicating heat, when the temperature is required to exceed 
212“ Fab. 

A remarkable fact has been observed respecting steam of great elastici^, et£., that 
when suffered to escape suddenly from a cock or small aperture in the boiler, the hand 
may be held close to the orifice from which the steam is issuing violently, without 
being scalded by it, though cverjr one knows that steam of ordinary density scalds 
severely under the same circumstances. On applying a thermometer to tho steam 
escaping from the boiler, its temperature is found to be considerably reduced : for 
instance, steam, which, within the boiler, was at 290** Fah., falls suddenly when let 
out to 160^ That it should fall to 212“ wou^d not be surprising, since that is tho 
temperature of steam under the ordinary pressure of the atmosphere ; but it is difficult 
to conceive why it should descend 52° below 212“. Of this fact, Mr. Ewart has given 
on ingenious, and, it appears to me, a satisfactory explanation, founded on the results 
of experiments, ^hich he has described in the ** Annals of Philosophy” for April 1829. 
He supposes that the particles of elastic fLuids*^ave a tendency,^when they are forced 
near to each othfr, to fly asunder, not only to their original distance, but beyond it. 
To illustrate this, let us suppose two equql balls of lead, AJB, to be connected by an 
elastic sted spring, in a perfectly neutral state, so that they have no tendency either to 
collapse or expand. Compress 
them nearer to each other, as C 
and D, an^ suddenly setting 
them at liberty, they will sepa- 
rate, not merely to their original t 
distance, but beyond it, as at £ 
and F. Now, if wo suppose A B 
to represent two atoms of steam, 
of air, or of any elastic fluid, 
compressed as G B, and suddenly 
liberated, they will, by the com- 
bined action of their c^tidty and momentum, separate to £ F, or thereabouts. Thus 
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high-pressure steam, on suddenly taking off all Jiressure beyond that of the atmosphere, 
is converted into low-pressure steam, and its temperature foils, in consequence of the 
law whic];L connects the rarefaction of elastic fluids with an abBoi]^on of caloric. It is * 
quite in accordanoe with this tnbory that the more strongly steam is compressed, the 
more dilated and the eolder it is on being suddenly released from ^essure. 

XIV. Conversion of Liquids into Velours under strong Pressure is well known 
that by means of a P^in'b digester w<t are ena];>led to raise the temperature of liquids 
considerably above the points at which they boil under the mean pressure of the 
atmosphere ; and it seemed probable that the internal pressure, augmenting with the 
tcmperature,*mRst effectually prevent the total volatilization of the liquid, especially if 
the space, left above tlie liquid, is not of a certain extent. But provided a sufficient 
space is allowed for the generated vapour, it appeared to M. Cagniard de la Tour, a 
necessary consequence that there should be a limit beyond which these liquids ought^ 
notwithstanding the pressure, to be completely volatilized; and tq verify this opionion 
he was led to make some interesting experiments. 

A strong glass tube, containing about two-fifths its capacity of alcohol, sp. gr. *83!", 
being carefully heated, the alcohol continued to expand, till, after having attained 
nearly double its original volume, it woji converted into vapour so transparent, that 
the tubo appeared completely empty. Allowing it to cool, the alcohol was again con- 
densed into a liquid. When the proportion of alcohol to the capacity of the tube was 
increased, ^le consequence was the bursting of the tube. Similar results were obtained 
with naphtha and ether, the latter requiring less space than the former for being con- 
verted into vapour without breaking the tube ; and naphtha less space than alcohol. 
No difference was occasioned by the presence of atmospheric air in the tubes, or its 
exclusion from them, except ^at the ebullition of the liquid was then much more 
moderate. 

The same success did not attend the first attempt to convert water into vapour ; 
for when a tube, about one-third filled with water, was similar^ heated, it burst with 
an explosion. The inner surface of the glass tube appeared also to have been acted 
upon, its transparency being impaired. 

M. de la Tour afterwards determined the densities of these vapours, by means of a 
gauge which measured the bulk of a confined portion of air, subjected, through the 
intervention of a c^umn of quicksilver, to the pressure of the generated vapour. 
Alcohol converted into vapour, and occupying a space a little exceeding three times the 
volume of the original liguid, he found to ^xert a pressure =119 atmospheres, and to 
require a temperature of 404*6° Pah. Ether, under the same circumstances, required 
a temperature of 369° Pah., and the force of its vapour was equivalent to 37 or 38 
atmospheres; bisulphuret of carbon require(f 527° Pah., and the pressure of its 
vapour was equal to 78 atmospheres. Water, to which a minute quantity of carbonate 
of soda had been added, ceased to act upon glass tubes ; and, though several tubes 
were broken, it was ij^ertained that water itself may be converted into vapour, pro- 
vided the vacant space exceed its volume about four times.* 

XY. Tlie evaporation of water is carried ou much more rapidfy under a diminished 
pressure, espeeiaUg if the vapour, which is formed, he condensed as soon as it is produced, 
so as to maintain the vacuum. 

On this principle depends Ifr. Ledie’s ingenious mode of fireezing water, in an 
atmosphere of any common temperature, by producing a rapid evaporation fri>m tho 
• Ann. de Chim. et de PhTS.,’* xxi. 127, 178 ; zxil. 410 ; or « Ann. of Philos.,*’ v. 290. 
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surface of tho , water itself. The wate| to be congealed is contained in a shallow vessel, 
which is supported above appther vessel containing strong sulphuric acid, or dry 
* muriate of lime, or iven dried garden mould or parked oatmeal. Any ^bstance, 
indeed, that powerfully attracts moisture may bo applied to this purpose. The whole 
is covered by the receiver of an air-pump, which i& rapidly exhausted ; and, as soon as 
this is effected, crysl^s of ice begin to shoot in tho water, and a considerable quantity 
of air makes its escape, after which Jhe whole of tho wrfter 'becomes solid. The 
rarefactioii required is to about 100 times ; but to support congelation, after it has 
taken place, 20 or even 10 times are sufficient. The sulphuric aeffi becomes very 
warm ; and it is remarkable, that if the vacuum bo kept up, the icoc itself evaporates. 
In five or six days, ice of an inch in thickness will entirely dist^ppear. The acid 
continues to act till it has absorbed an equal volume of water. 

AlP elegant maimer of maksng the experiment 
is to cover the vessel of water with a plate of metal 
or glass, fixed to the end of a sliding wire, which 
must pass through tho neck of the receiver, and 
be, at the same tihic, air-tight, and capable of 
being drai;^ upwards. (See the annexed figure.) 
Tho receiver being exhausted, the water will con- 
tinue fiuid, till the cover is removed, when, in 
less than five minutes, needle-shaped cr}{;^tals of ice 
will shoot through it, and the whole will soon 
become frozen. If this should not happen, a slight 
but smart blow, given to tho air-pump, will often 
occasion immediate congelation. 

In this interesting process, if it were not for the 
sulphuric acid, an atmosphere of aqueous vapour 
would fill the rcccisrcr ; and this, pressing on the 
surface of the water, would prevent tho further 
production of vapour. But the steam which rises, 
being condensed tho moment it is formed, the 
evaporation goes on very rapidly, and has no limits 
d the diminis&d concentration of the acid.* 

It is on the same principle that the instrument invented by Dr. Wollaston, and 
termed by him the Cryopimm, or Frost-Bearer^ is foundc^ It may bo formed by 

taking a glass tube, having on 

internal diameter of about XCl 
^th of an inch, the tube being 
bent to a rigli angle, at the 
distance of half an inch from ^ 
each ball, thus : a 

; One of these balls should be about half filled with water, and 
perfect a vacuum as can readily be obtained, the mode of effecting which is well, known 
to those accustomed to blow glass. One of the balls is made to teiminate in a capillary 
tube ; and when the water in the other ball has beep boiled over a lamp a considerable 
time, till all the air is expelled, the capilLairy extremity, throng which the steam is 

• The most ocnaplete aceotmt of this new mode of freezing is to be fonnd tn the Supplement to 
the <*£ncycl. Brit.,** Art. Com. 





e other should be as 




still issuing with violence, is held in the flame the lamp, till the force of the tapour 
is so far reduced that the heat of the flame has power to),scal it hcrmeticallT. ^ 

AVhei^ an instrument of this kind is woU prepared, if the emt>ty ball bo immersed 
in a mixture of snow and salt, the water in the other ball, 

though at thOidistiSrice of two or thfee feet, will bo frozen ^ ^ ^ 

solid in the course of* a voij few minutes. The experi- I 

ment may be rendered rftill more stiriking, if performed ‘ ^|p» 

according to Dr. ^arcct’s modificatiozl of it : the empty 

(lower) ball, coverediwith a little moist flannel, is to bo ^ | 

suspended, ih*1ji(>« manner shown by the annexed sketch, | 

within a receiver, over a shallow vessel of strong sul- i 

phuric acid, and the receiver is then to be exhausted. In { 

both cases, the vapour present in tho empty ball is con- |[|r 

densed by the operation of cold ; and the vacuum, produced 

by this condensation, gives opportunity for a fresh quantitji 

to arise from tho opposite ball, with a proportional reduction 

of the temperature of its cont»Jnts. 

An ingenious application of the faqf that evaporation 
takes place m vaem, at a lower temperature than under 

common pressures, was made by the late Mr. Edward Howard, to the concen- 
tration of gyrup in the process of refining sugar. Tho syrup, in his method, is 
inclosed in an air-tight vessel, from which the atmospheric air is extracted 
mechanically by a pump, and the evaporation, therefore, goes on at a low degree 
of heat, which secures tho syrup from injuiy.* Mr. J. J. Barry obtains a vacuum 
in a cheaper and easier manner, by the condensation of steam, aiq)lied in a way which 
would not bo understood without a plate, and of which it may bo sufficient to say that 
ho can maintain, in the liquid to be evaporated, a steady temperature of from 90^ to 
100"* Fah. Mr. Barry’s i)i*occss is peculiarly adapted to the preparation of medicinal 
extracts, the active portion of which is liable to be decomposed at a heat considerably 
below that of boiling water, f 

The largo quantity of caloric, latent in steam, renders its application extremely 
useful for practical puriioscs. Thus, water may be heated, at a considerable disjance 
from the source ot'he^, by lengthening tho conducting pipe e. (See page 153.) This 
furnishes us with a commodious method of warming the water of baths, which, in 
certain cases of disease, it ^ of importance tq have near the patient’s bed-room ; for the 
boiler, in which tho water is heated, may thus be placed on the ground^floor, or in the 
cellar of a house, and the steam conveyed by jipes into an upper apartment. Steam 
may also be applied to the purpose of heating or evaporating water, by a modification 
of tho apparatus. An apparatus may be made for boiling water by thc|Condensation 
of steam, without adding to its quantity, a circumstance occasionally of considerable 
importance. The ste^ is received between the vessel which contains the water 
to bo heated’ and an exterior case ; it imparts its caloric to tho water through the 
substonco of the vessel ; is thus condensed, , and returns to the boiler by the per- 
pendicular pipe* AnJ alteration of the form of the vessels adapts it to evaporation. 
This method of evaporation is admirably suited to the concentration of liquids that are i 
decomposed, or injured, by a higher temperaturo than &at of boiling water, sneh as 

• ‘•^Beportory of Arts,” SericiTwo, Voh. 3Uan. atad xxv. 

t See ** Tnuisaot. of the Hedioo-Chinirg. l^. ot London,” Vol. X. ' ' 
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medicinal exti-acts ; to the drying of precipitates, &c. In the employment of e*ithcr of 
these yessels, it is expedient to surround it with some slow conductor of heat. On a 
' small scale, a few folds of woollen cloth ore sufficient ; and, when the vessel is con- 
structed of a largo size for practical use, this purpose' is served by, the brickwork in 
which it is placed. 

Calovic tl&e JbfMme of PeznMOiently Slastie FluMity— Genexal Pzo- 
peztlos of OaiieB. — From the facts which hs^e been detailed* in the last section, it 
appears that ih vapours, strictly so called, such as the steam of wates, caloric is retained 
with but littlo force ; for it quits the water when the vapour is merely exposed to a lower 
temperature. But, in permanently elastic fluids, caloric is held vc^^f6rcibly, and no 
diminution of temperature that has ever yet been effected can shparate it from some of 
them. Thus the air of our atmosphere, in the most intense artiflei^ or natural cold, 
still 'continues in the aeriform state. Qence is derived one charactor of gases, vus., that 
they remain aeriform under almost all variations of pressure and temperature, and in 
this class a^ also include^ thosf aerial bodies which, being immediately condensed by 
contact with water, require confinement over mercury. The following experiment will 
show that the caloric contained in gases is chcmicalljr combined, or at least that jt is 
inappreciable by the thermometer. ^ • 

Into a small retort (see annexed cut, b) put an ounce or two of well-dried common 
salt, and about half its weight of sulphuric acid. By this x^rocess, a great quantity of 
gas is produced, which might be received and collected over mercury. But^ to serve the 
purpose of this experiment, let it pass through a glass balloon, c, having three openings, 
into one of which the neck of the retort passes, while from the other a tube, e, proceeds, 

which ends in a vessel 
of water,/, of the tem- 
perature of the atmo- 
sphere. Before closing 
the apparatus, lot a 
thermometer, (f, bo in- 
cluded in the balloon, to 
show the temperature 
of the. gas. It will bo 
found that the mercury, 
in this thermometer, 
will rise only a few 
degrees, whereas the 
water, in the vessel 
which receives the bent 
tube, will soon become 
almost boiling hot. In 
^this instance caloric 
flows firom the lamp to 
the muriatic acid, and 
converts it into gas; 
but the heat, thus expended, is not indicated by the thermometer. The caloric, 
however, is again evolved, when the gas is condensed by water. In this experiment 
wo trace caloric into a latent state, and again into the state of fiee or uncombined 
caloric. 




COMYEBTIBILITY OF GASES INTO L/QUIDS. 


161 


For demonstrating the influence of voriatipns of atmospheric pressure t>n the 
formation of gases, better experiments cannot be devisc^than those of Layoisier.* But 
as some ptudents, who have the use of an air-pump, may not possess the apparatus 
described by Lavoisier (the glass bell and sliding wire), it may be proper to point out 
an easier mode of vihowing the same* fact. This proof is fumishejl by the experiment 
already described, in T^ich sulphuric ether is made to assume altpopately an aeriform 
and liquid state, by rd!no\dng and restoring the ^pressure of the atmosphere. 

Influence off Atmoaphezic Pzeesuze. — It was long ago suggested by 
Mr. Daltonf that all gases are convertible into liquids. '‘There can scarcely,” 
ho observes,* “^bo a doubt entertained respecting the reducibility of all elastic 
fluids, of whatever k'ind, into liquids; and we ought not to despair of effecting 
it in low temperatures, and by strong pressure exerted upon the unmixed gases.” 
It fortunately occurred to Mr. Faraday that, the most probable means of exllibit- 
iiig gases (or rather what, under ordinary circumstances, wo^d be such) in the 
liquid state, would be to generate them under strong pressure ; and his experiments 
have confirmed this sagacious conjecture. When thus produced in strong glass tubes, 
they continued liquid at low "temperatures, while the pressure was kept up, but, on 
removing the pressure, instantly passed i^to the gaseous state. Some of them evinced 
so strong a tendency to become permanently elastic, that the tu|)es containing them 
exploded spontaneously, with great violence, by a slight increase of the temperature of 
the atmosphere. The gases liquefied by Faraday in 1823 were chlorine, cuchlorine, 
sulphureted hydrogen, nitrous oxide, cyanogen, ammonia, and hydrochloric, sulphurous, 
and carbonic acids. The last-mentioned fluid required for its confinement much 
stronger tubes than any of the others, and produced the most violent and dangerous 
explosions. J * 

Subsequently to Faraday’s experiments, in the year 1823, this philosopher and 
others have resumed the endeavour to reduce gases to a denser cohesive state, and with 
the most interesting results. Xot only has the number of Jiquefiable gases been 
extended to comprehend all except oxygen, hydrogen, nitrogen, nitric oxide, and coal 
gas, but nine gases have been solidified ; they are — 

Hydriodic acid. Oxide of chlorine. 

Hydrobromic acid. Cyanogen. 

Sulphupous acid. Ammonia. 

Sulphureted hydrogen. Nitrous oxide. 

Carbonic arid. 

The preceding results warrant the assumption that all gases might be solidified, 
under a sufficient deprivation of heat ; consequently the generalization of a permanently 
clastic fluid, as applied to a gas, is no longer tenable. It follows, nY)reovcr, tha^ 
inasmuch as gases evolve latent heat on becoming fluids, and fluids evolve another 
portion of latent heat on becoming solids, that solidified gases of all substances must 
absorb the largest amount of heat on assuming uieir original gaseous state. The first 
gaseous body over solidified was carbonic acid. The interesting result was accom- 
plished by M. Thilozier. 

In this place I shall confine myself to an indication of the prineiples involved. M. 
Thilorier accomplished the solidification of liquid carbonic acid by exposing it to the 
cooling agency of its own evaporation. When produced, the solidified carbonic acid in 
* See his <* Elements,** ohap. 1. f « Manoh. Soo* Mem.,** v. 550. } “ Phil. Trans.,** 18S8. 
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its tiuli becomes the most powerful a(^nt known to chemists for lowering t]£e tern- 
perstui'e of bodies ; the met^pd of using it with greatest advantage consisting in 
mixing it with etheif* and forming a bath. It was by ^e employment of thii^ powerful 
cooling agent, tinder the exhausted receiver of an air-pump, and in combination with 
great pressure, tha^ Faraday, in 1845, made sucSi important additions* to the list of 
gases originally condensed by him in 1823.* 

The pressure was effected by means of two*forco-pumptf acting in succession ; the 
first having a piston of an inch in diameter, the second only half an inch. By the 
first a pressure of about twenty atmospheres was produced ;r by the second this 
pressure was increased to more than fifty atmospheres. The tvbes used in these 
experiments were of green bottle-glass, from one-sixth to one-foT}rth of an inch in 
external diameter. Three distinct agencies will be recognised as contributing to the 
gendhil result: (1), the direct cooling agency of the carbonic «cid bath; (2), the 
'increased cooling a^ncy of the same under the exhausted receiver ; (3), the force of 
^ssure exercised on the gas. < 

T£e three tables appended are taken from Omelin*s Handbuch,** and represent the 
thcrmometric degree of certain melting and boiling points. It may be well to observe 
that the melting point of a solid is the freezing or solidifying point of its corresponding 
liquid. Thus 32^ F. is the freezing point of water, as well as the melting point 
of ice. 

In the second table degrees of heat arc sometimes represented by^the scale of 
Bonicirs and Wedgwood’s pyrometer. The latter is a very uncertain instrument, and 
its manifestations cannot be relied upon. Wedgwood himself estimated the first degree 
on his instrument as = 598*^ C., and each degree to 72^ 0. ; Guyton Morveau estimated 
the first degree at 270'* 0., and ca6h degree to only 34" 0. Connection between the 
scales of Daniell’s pyrometer is effected by graduating the instrument from the fixed 
point of the boiling of mercury = 662° F. Thus, knowing the amount of linear expan- 
sion from any lower ^degree up to this point, and oonsidering all further expansive 
increments or decrements as proportional, a scale is formed. 


MELTING rOINTS. 


» c 

Centigrade. 

Fahrenheit. 

CaiJ)onic acid . 

— 65° 

. 85° 

Ether .... 

— 44 

. — 47*2 

Mercury . . * . 

— 40*5 

«•. — 40*9 

Oil of vitriol . 

— 25 

. — 13 

Bromine . 

— 20 

. -- 4 

Hydrocyanic acid 

— 15 

. -1- 5 

Water 

0 

. + 32 

Phosphorus 

+ 45 

. +113 

Potassium . 

-f 58 

, »-+ 136-4 

Wax .... 

+ 67 

. +152-6 

Sodium . . • . 

+ 90 

. +194 

Iodine .... 

+ 107 

. +224-6 

Sulphur 

+ 109 

. +228-2 

Camphor 

+ 175 

. +847 

• Trails.,*^ 1845, i. 170; or «• 

Phil. Mag.," 

i. 36,253. 
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1 

Guyton Monrmu 
(» Ann . Chim. 23S). 

Wedawood and Dalton 
«N.8yst.,» 1,64). 

a 

Daniellf 

Schwartz. 

Bvdherg. 

! 

Cent. 

Wedjfwood.^ 

Cent. 

Wedgwood. 

Cent. 

Daniell. 

Cent. 

Cent. 

: Bismuth . . . 

^ *247- 

____ 

247 



239 

A ‘ 

260 

264 

i Tin 

267 

312 

- 

246 


227 

•f 

220 

228 


• 

^32 


321 

87 

340 

325 

: Zinc 

. 374 

3 

371 


342 

94 

•500 


■ Antimony . . . 

• 518 

7 

432 

— 



620 


1 Brass 

iillsi 





1021 

267 

Pouillct 

Prinsep 

Silver . . . »•. 

; Copper . . . .• 

22 

- .... 

28 

1223 

319 

1000 

999 

• 1207 
13ll 

27 

■ ■ I ■ 

27 

1398 

864 



i Gold 

33 

■ 

32 

1421 

370 

1200 


Cobalt ’ 




- 

130 





' White Cast Iron . 












IICO 


i Gray do. 

,4783 

130 





1915 

497 

1210 


Steel 

- 

— « 



• 



1350 


Maxxaanese . . . 
Bar Iron .... 

5825 

6346 

160 

175 

— 

160 


, 

1550 


Nickel Platinum ) 








Iridium Rhodium > 

above 

•175 







Quartz . . . } 


• • 
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Sulphurous acid 

. — lO-C. 


+ 14®Fah. 

Hydrochloric ether 

• + 12 

■ 

+ 53-6 

Nitric ether 

. + 21 


+ 698 

Hydrocyanic acid 

. + 26-6 

= 

+ 79-7 

Sulphuric ether 

. + 35^6 

= 

+ 96-19 

Sulphuret of carbon . 

. + 46-8 

= 

+ 116-82 

Bromine 

■ + i7 

ss; 

-f 116-6 

Alcohol 

. + 78-41 

= 

4 - 173-14 

Bock oil 

. + 65-5 


+ f49'9 

Water . 

. + 100 

= 

+ 212- 

Oil of turpentine 

. +157 

= 

-i- 314-6 

Iodine . 

. + 180 

= 

+ 3-56 

Camphor 

. +284 

=: 

+ 543-2a 

Oil of vitriil 

. +288 

= 

-f 650-4, 

Phosphorus 

. +250 

= 

+ 482- 

Sulphur 'P 

. +293 


-1- 559-4 

Mercury 

. +356 

= 

+ 672-8 

Selenium (nearly) 

. +?D0 

= 

-i-1292- 


Of Gases undez Pzessiue. — Gases, when once formed, undergo a lonsidcrabh? 
change of hulk by yariations of external pressure. The general law, hrst, I believe, estab- 
lished on this subject by|Mariotte, is, that the volum of gases is inversely as tJie compress 
sing force. If, for example, we have a quantity of gas, ocettpying, under the common 
pressure of the atmosphere, 60 cubic inches, it# will M the 'spaca of only 30 'cubic 
inches, or one half, under a double pressure ; of 20 inches, or one third, imder a triple 
pressure ; of 16 inches, or one fourth, under four times the pressure ; and so on. 

These results, so &r as respects the more permanent gases, have been confirmed, by 
Oersted,* who carried the compression of air as far as 110 atmocipheres. But with 

* “Quarterly JournaV'xxii., 198. 
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respect to some of the more easily liquefiable gases, Despretz has found tliat they 
deviate sensibly from Mariotte’s law. This is the case with sulphuretcd hydrogen, 
sulphurous acid, cy^ogen, and ammonia, even wheq completely deprived^pf hygro- 
mctric moisture.* 

The law of th3 dilatability of gases by he(ft has already* been stated to be an 
enlargement of dhrut ^i^th part of their bulk for each (Icgrce of Fahrenheit’s 
scale, betwe^ the freezing and boiling points of water. * It is, however, necessary 
that the gases submitted to experiment should be perfectly deprived of aqueous 
vapour. These expansions, it has been shown by Sir H. Bavy, continue exactly 
the same in dry, compressed air, at temperatures between 32'' and 21*2^, and also in 
air confined by columns of quicksilver, whether the [air was ^ , ^^or ^ of its natural 
dex^ty.f 

All gases exhibit a reduction of their temperature mechaniedd rarefaction, and an 
evolution of heat by condensation of their volume. It had long been known that, if a 
♦thermometer be inclosed^n a Vcceiver, and the air be suddenly condensed, the ther- 
mometer rises, and, if the air be rapidly exhausted, it falls ; but in each case only a 
few degrees above or below the temperature of the atmosphere. Mr. Dalton, struck 
with the suddenness of the rise or fall, was the first to suspect that the change of tem- 
perature is, in each case, much greater than is indicated by the mercurial thermometer. 
He contrived, therefore, a very simple and beautiful method of determining the real 
amount of the change. 'With this view, he took a large receiver, and inclosed in it a 
graduated tube, one-fifteenth of an inch diameter, bent siphonwise 
^ as in the figure, sealed at the end b, and open at the extremity, a. 
Within the tube was a short column of mercury, c, the rise or fidl of 
which, by any change of elasticity of the air in the tube, or in the 
C receiver, rendered it a proper manometer, or measurer of rarefaction. 
He next doubled the density of tho air in the receiver, and of course 
thu mercurial column was forced down till tho air in the closed part 
of the siphon occupied only half its original bulk. Then, suddenly 
opening the cock attached to the receiver, the mercurial column ran 
up quickly to its former station. At this moment the cock was 
^ suddenly shut, which cauged the mercurial column again to fall 
down gradually for five or ten seconds, to thq amount nearly of one- 
tenth of the column of air included in the manometer, when it 
became stationary. Qnce more opening^ tho cock, air rushed out of 
the receiver, and the mercury regained its position at c. 

When the experiment was revised, by exhausting a receiver, under which the 
. same manometer was placed, with the mercurial column stationed at the commence- 
ment at d, ihe phenomena took place in a reversed order. At first the mercury rose to 
e; on opening the cock it fell to d; on shutting, it retrograded towards c; and, on 
again opening the cock, established itself at d. 

These facts, which, though observed only with respect to atmospheric air, would, 
no doubt, take place with some variation in all gases, are explained by Mr. Dalton in 
the following manner 

The air in the receiver, and that in the manometer, are subject to a like degree 
of condensation or rarefaction, or very nearly so* When the equilibrium of heat 

* ** Ann. de Chhn. et de Phys.” xxxiv., 835, 443. + ** Phil. Trans.,” 1823, p. 204. 
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is disturbed by condensing or expanding the it is restored in that within the 
manometer instantly, by reason of the extensive surfdbe of gla|8 to which that air 
is exposed^ But, in the large fecciver, a sensible time, of* ten seconds or more, is 
required to restore Ihe equilibrium tlprough its whole capacity. It is this restoration 
that increases or diminishes the elasticity of the air in the receiver, Rnd thereby causes 
the mercurial column tp retrograde. Now it is ascertained that, tif Contract or expand 
a portion of air by one-tenth of its volume, a chflfhge of temperature equal to 60** Fah. 
is required. It follows, therefore, that in the case of restoring the equilibrium of 
condensed aui^fabout So** of cold are produced ; and in letting air into an exhausted 
receiver, 60° of fleA; are evolved. The phenomena, Mr. Dalton ascertained, are inde- 
pendent of aqueou# vapour, and arc more remarkable in dry than in humid air. They 
depend on the diminished capacity of air for heat by condensation, and its*in- 
creased capacity by rarefaction, and aro comAon to all gases ; but, as will appear 
when we come to speak of the specific heat, vary, |s to ^their extent, in different 
gases. 

When air (and no doubt ^ny other gas) is suddenly and forcibly compressed, 
in a syringe for instance, the quantity of caloric liberated by the first stroke of 
the piston is sufficient to set fire to a*pieee of the tinder called amadou. This 
fact has been applied to the construction of a portable instrument for lighting a 
candle, consisting of a common syringe, at the bottom of which is a small chamber 
for containing the tinder. A flash of light is also perceptible in an instrument 
adapted for showing it by means of a glass bottom, at the moment of con- 
densation.* 

All gases, by contact with water, become mingled with aqueous vapour, the propor- 
tion of which is regulated by the temperature and pressure to which the gases are 
subjected ; but, those circumstances being equal, the proportion of ag^mue vapour is 
the same in every gas. This moisture may bo absorbed from gases by substances 
that strongly attract water, such as quicklime, chloride of caldlum which has been 
recently fused, sulphuric acid, &c. ; but to effect this it is necessary that the gas 
should be confined, and in contact with the absorbent substance, over well-dried 
mercury. 

When a glass vessel, containing any gas not artificially deprired of its ihois- 
ture, is cooled below*the temperature' of the atmosphere, moisture^ is condensed in 
small drops, or if a freezing mixture be applied, in the form of a thin film of ice, on the 
inner surface of the vcsstl. The steam present in gas is also rendered visible by 
suddenly expanding or suddenly condensing their* volume. In the first case, the[]reduc- 
tion of temperature which takes place, amounting, as has been shown, to 60° Fah., robs 
the aqueous vapour of its constituent heat. In the second, the diminutbn of space, 
essential to the existence of vapour, causes the precipitation of water, notwithstanding 
the temperature evolved by condensing the air. 

When a body, hcat^ to a certain point, is placed in different gases, under circum- 
stances otherwise similar, it is found to cool with very different velocities ; in other 
words, the power of elastic fluids to conduct hcat*differs for different gases. Dr. Priestley 
appears to have been quite aware of this ; Mr. Dalton has given a series of experiments 
on this subject ; and Sir H. Davy, having raised the same thermometer to the same 
temperature, 160° Fah., exposed it to equal volumes (21 cubic inches) of the following 
gases at 62° Fah. 

• “Phil. Mag.»» vols. xiv., xxxi. and xh 
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Tho timos for coolmg down to 103'* were for 



r Min. Sec. 


Mill* Sec. 

Atmospheric ak 

2 0 

Oxygei^ . 

1 

47 

Hydrogen 

0 45 

Nitrous oxide . 

2 

30 

Olefiant gas 

1 16 

Caicbonic acid . 

2 

45 

Coal gas * 4 ^ 

. 0 55 

Chlorine. . ” . 

3 

6 

Azote ^ , 

1. 30 

Si U 




It appears from this table that the powers of clastic fluids to' abstract or conduct 
away heat from solid surfaces is in some inyersc ratio to their density., The nature of 
the surface of the hot body, it has been shown by Dulong and J?ctiv, does not affect the 
oonducting power of gaseous bodies ; but the state of the gaso themselves, as to 
moisture or dryness, has a considerable influence ; for moist gases, as is shown by 
Count Romford’s experiments, conduct heat much more rapidly than dry ones. 
Differences, however, in the specific heats of gases (if such differences really exist) must 
render it difficult to determine how much of the effect is owing to that cause, and how 
much to a real difference of conducting power. ^ 

Specific Gzawity of the OaACB.— Before dismissing the consideration of the 
gases in general, there are a few properties which it may bo proper to notice, with the 
view of comparingithe degree in which they belong to different individuals of the class. 

The exact specific gravity of the different gases is a most important element in 
calculating the proportion of the ingredients of compounds into which they enter. 
Ifothing, indeed, can show the importance of this object more strikingly than the fact, 
that on the precise specifle gravities of hydrogen and oxygen gases depend the whole 
series of numbers which arc uBed,,.to express the weights of the atoms of bodies on the 
Daltonian theory. The following table exhibits the specific gravities of the most 
important bodies of this class, on the assumption that 100 cubic inches of atmospheric 
air w;eigh 30 grains : — 

t TABLE OF THE SPECIFIC GRAVliT OF CASES. 

Barometer 30. Thermometer GO*’. 


Names of Gases. 

Specific 

Gravity. 

Weight of 
100 cubic 
inches. 

Authorities. 


b 

Grains. 


Atmospheric air 

10000 

30*50 

Suuckburgh 

Ditto . • . 

10000 

30*199 

Brando 

Ditto .... 

• .. 

31* 

Prout and Dalton 

Ditto .... 

•• ! 

31*093 

Biot and Arago 

Ditto .... 

•• 

31*096 

Boussingault and Dumas 

Simple Gabes and Vapoues. 




Oxygen ^ . 

11088 

33*82 

Allen and Pepys 

Ditto .... 

Mill 

33*888 

Thomson 

Ditto- 

M026 

33*629 

'^rzeUus and Dulong 


* Gay Lussac's table, which is more copious, but in which the numbers are not reduced to a mean 
of the barometer and thermometer, is copiediiuto ** Thomson’s Annals,” ix. 16 ; a table by Professor 
Heinecke of Halle is inserted in the “ Journal of Science,” &c., iii. 415. Dr. Thomson’s elaborate 
paper on this subject is printed in the 16th volume of “Annals of Philosophy;” and Berzelius and 
Dtxlong’s in the 15th volume of “ Annales de Cbim. et de Phys.” Gmelin’s “Handbuch” contains 
a general tabular exposition of the subject, to which the reader who requires further information 
is referred. At the present time it is generally admitted that 100 cubic inches of atmospheric air 
weigh something more than 31 grains— how much more is not yet satisfactorily made out. 




SPECIFIC O&ATITT OF GABES. 


167 


T^Me «/ e^tinued. 


Names of Gases. 

• • 



Speoiilc 

gravity. 

Weight of 
100 cubic 
inches. 

Authorities. 

Simple Gases aiJd Vapoubs. 
Chlorine . .• • • 


2*d082 

Grain.. 

76-600 

Davy 

Ditto 



2-6009 

76-260 

Thomson * 

Iodine (vapour) 



8-678 

244-679 

Gay Lussac 

Ditto « *. 



8-6111 

262-6308 

Thomson 

Hydrogen * . .. 

Ditto 



00694 

2*116 

Ditto 



00688 

2-098 

Berzelius and Dulong 

Nitrogen 



0-9722 

29-652 

Thomson 

Ditto 



0-9760 

29-768 

Berzelius and Duleng 

Carbon (vapour) ’ . 

, • 


0-416*6 

12-6083 

Gay Lussac 

Sulphur (ditto) 



1-1111 

33-888 

Thomson 

Phosphorus (ditto) 


• 

0-8333 

2if416 • 

Ditto 

^ OOMPOUND CoMBUSTIBI^.e 
Ammonia 


0-5960 

18-18 

Allen ^d Pepys 

Ditto 



*0-6902 

18-003 

Thomson 

Ditto 



0*6912 

18-03 

Berzelius and Dulong 

Carbureted hydrogen 



0-6666 

16-944 

Thomson 

Ditto 



0-5590 

17-049 

Berzelius and Dulong 

Olefiant gas* . 



0*9722 

29-652 

Thomson 

Ditto 



0-9804 

29-90 

Berzelius and Dulong 

Phosphureted hydrogen 



0-9027 

27*537 

Thomson 

Bi-hydroffurct of phosphoru 

s . 


0-9722 

.29*652 

Ditto 

Sulphureted hydrogen 



1*1805 

36*007 

Ditto 

Bi-sulphuret of carbon (vapour) 


2-6388 

80*486 

Ditto 

Arsenyreted hydrogen 



0-5290 

16*130 

Th-omsdorff 

Cyanogen 



1*8065 

55*069 

Gay Lussac 

Ditto 



1-8188 

55*473 

Berzelius and Dulong 

Ether sulphuric (vapour) 



2-6808 

78-714 

Ditto 

hydrochloric (ditto) 



2-2190 

67*679 

Thomson . 

hydriodic (ditto) 

chloric (ditto) . . 



5-4750 

166*987 

Ditto 



3-4750 

105*257 

Ditto . 

Alcohol (dittoj 


9 

1-C004 

48*812 

Berzelius and Dulong 

Turpentine, oil of (dJlto) 



5-0130 

152*896 

Gay l^sac 

Oxides. 

Aqueous vapour 



0*6250. 

19-062 

Ditto 

Nitrous oxide 



1*5277 

46-597 

Thomson 

Ditto 



1*5278 

46-582 

Berzelius and Dulong 

. Nitric acid 



1*0416 

31*770 

Thomson ^ 

Carbonic oxide 



0*9722 

29-652. 

Ditto • 

Ditto 



0*9727 

29*667 

Berzelius and Dulong 

AcidA 

Carbonic . < 



t 

1*5277 

46*597 

Thomson 

Ditto . . 



1*524q 

46*481 

Berzelius and Dulong 

Chloiocarbonic (Phosgene) 



3*4722 

105*902 

Thomson 

Chlorocyauic (vapour) 



2*1520 

65*636 

Ditto 

Fluoboric 



2*3611 

72*013 

Ditto 1 

Flue-silicic . 



3*611 

110*138 

Ditto 

Hydriodic 


• 

4*340 

132*378 

Ditto 




DUMAS’ EXPERIMENTS. 


« Names of Gases. 


Adan. 

Hydro-cyanic ^(vapour) 
Hyponitrous 
HydrocUoric 
Nitrons acidj 
Nitric ' « 
SulplinrouB 
Sulphnric (vapour) . 


^ahU of Gaaei emtinued. 


linchw. 


Grains. 

28-672 

80*466 

39*183 

97*426 

114*375 


Thomson 


Sir*H. Davy 
ThomsAn 


To the above tabte I co^sidonit desirable to annex another, deduced by M. Dumas 
from an ingenious and elaborate set of experiments, which form the subject of his 
memoir “ On some Points of the Atomic Theory,’* published in the Ann. dc Ghiny ct 
de Phys.,” xxxiiL^337« 

TABLE OP ‘the DENSITIES (OR SPECIFIC GRAVITIES) OP CERTAIN 
vapours and OASES. (aIR =1.) 


Name of Vapour or Gas. 

Of Iodine . • • * . 

Mercury .... 
Protoemoride of phosphorus 
Arsenureted hydrogen 
Chloride of siuciuip. 

Silici-fluoric acid 
Chloride of boron 
Fluoboric acid . 

Percbloride of tin . 

— < of /titanium . 

Phosphorus 
Arsenic ' . 

Silicium 

Boron «... 
Tin .... 

Titanium 


Density by 
Experiment. 


Density by 
Calculation. 



Since the development of analytical organic chemistry, the problem of determining 
the exact weight of 100 cubic inches of atmospheric air, andfroni it the specific gravity 
of gases and vapours, has become of increased importance. The problem is not yet 
solved; but we may accept as a fact |he statement that 31 grains, or 31*0117, as 
stated by some authoxis. Bar. 30^, Ther. 60^ Fah., is a trifle too low. MM. Biot and 
Arago, MM. Dumas and Boussingault, are the experimenters on whose deductions 
relativo to this subject chemists of this time place greatest reliance— a reliance which 
seems to be warranted not only by the extreme care with which the experiments were 
conducted, but by the near approximation to coincidence in the result. 
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According to these philosophers, 1 litre/ or 61*02791 cubic inches of air, at 
.0® Centigrade and 0*76 metres, weigh * ^ 

* • Grammes. Grains. 

Biot an& Arago . . 1*2991 20*063 

Dumas and ^oussingault « . • '. 1*2995 20 065 

• • 

Now, 0*76 metres^may be considered equivalcnit to 30 inches, although jnore correctly 
represented by 29*92 ; and 30 inches is the usual standard of pressure to which, in this 
country, gasas are rmerred. The zero of Centigrade, however, or the 32nd degree of 
Fahrenheit, is*not our standard to which the temperature of gases is referred, but 
60® Fah. HcncS, in reducing the previous weights to our standard, it is necessary to 
make allowance for the increased bulk, or diminished specific gravity, due to the 
elevation by 28^ I^ah. Applying, therefore, Ihe rule already stated, namely, that gasqs 
expand for every degree of Fahrenheit between 32® and 212° part of their bulk 
at 32® = (0° C.), or every degree of Centigrade between 0® and 100®, ^e fijid 

that at 60® Fah. the one measure (litre) would have expanded to 1*0573 measures, 
retaining, of course, its original absolute weight, but suffering a diminution in i^cific 
gravity. Hence, if altered to the confditions of 60® Fah., the weights obtained by 
MM. Biot and Arago, Dumas and Boussingault, would stand thus^?— 

At 60® Fah., bar. 30® or (0*76 m.) 1*0573 litres (64*5248 cubic inches} of air 
weigh — ' 

Grammes. Grains. 

Biot and Arago ...... 1*2991 20*063 

Dumas and Boussingault . . ^ . 1*2995 20*065 

Consequently, if 64*5248 cubic inches of air (60® Fah. 30® bar.) weigh 20*063 grains, 
100 cubic inches will weigh 31*093 grains, by the proportion 

* oonA.Q 

64*5248 : 20*063 : : 100 : = 31*093, 

64*0248 

which is the weight of 100 cubic inches of air, according to Biot and Arago, at 60® Fah. 
and 30® bar. ; and if 64*5248 cubic inches of air (60® Fah., 30® bar.) weigh 20*065 
grains, 100 cubic inbhes will weigh 31*096 by the proportion 

64-5248 : 20-066 : : 100 ; = 31-096; , 

64*o248 

which is the weight of 100 cubic inches of air, .according to Dumas and Boussingault, 
at 60® Fah. and 30® bar. 

The Specific Gzawlty cf a Oae ohfidned hy Calculation.*— It is usual 
in a statement of specific gravities, especially of gases and vapours, to r^ntion whether 
the results are those of direct observation, or whether obtained by calculation. The 
direct method of takij^g the specific gravity of a has been already detailed (pp. 10, 1 1). | 

• The reader will not bo unprepared to be informed that in obtaining the specific gravity of a gas 
by calculation— a process involving, as it does, sa many diflferent elements of computation— the 
results may be slightly different from those deduced from actual experiment. , The diffbrence, how- ; 
ever, is only, for the most part, in some unimportant decimal place. The theoretical chemist should 
be informed that the process of actually weighing a gas seldom or never enables the operator to use 
loitA confidence a smaller weight than the iJnlh part of a grain. The may occasionally be 
employed, wh^ the substance to be weighed is trivial in amount ; but this is a condition not usually 
available in the process of weighing a gas contained, ns it must be, In a somewhat heavy flask. 
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The indirect methods are of irarious kiiils — ^the two following being ^ most generally 
employcdi and the most important. 

* 1. Golciilated on the data of the specific gravity o&hydrogen, the atomicf yolume 

of hydrogen and of the gas w:hose specific gravity is to bo determined. This process 
applies to all gases ap.d vapoury, whether simple or compound. ^ 

2. Calculated ois-^e data of the specific gravity of comp^cri,ts, and the resulting 
atomic volum^ of the compound. This prooesd is necessarily restricted to the case 
of compound gases. 

Explanation of Eroceea 1. — It has already been rmnarked, ^hen di^'iissing the 
atomic theory and laws of definite combination^ that not ouly^do 'bcKlies present a 
mutual relation of combining weights, but of combining volumes alsS. In gases the 
truth of the last proposition is directly evident from inspection, and the law is further 
c^zterided dy inferential reasoning. Accepting these data as a starting point, we shall 
presently see how thg specific gravity of a gas may be determined by process No. 1. In 
the first place,, let us assum^' thaf all gases possess equal atomic volumes, which is not 
the case, but the assumption will assist the reasoning process. If this condition be 
obtained, the atomic or combining volumes of gases mi^t be represented by units of 
cubic volume, each characterized by a difil^enrt weight. I have applied the remark to 
three gases underneath. 

« 

Chlorine 
35 


The weights, it will bo observed, arc the respective atomic ^ eights of the gases, but 
they express also the ratio of specific gravity between the same gases ; and if hydrogen 
be taken as the unit of' specific gravity for gases Instead of atmospheric air, then no 
further calculation would be required. But if c volume of atmospheric air be taken as 
the unit of specific gravity for gases, as is usual, then a volume of nitrogen will no 
longer be fourteen times heavier than imity; a volume of chlorine thirty-six times 
heaviftr, &c. ; butdieavicr in the ratio that the, Sbeond standard of unity (atmospheric 
air) is heavier thaq the first (hydrogen). Now the number expressing this ratio is 
that of the specific gravity of hydrogen referred to atmospheric air as unity. Accepting 
the specific gravity of hyi:ogen as 0 0G93, Vhich most chemftts imagino it to be, this 
ratio is as follows : — 

Representing unity of specific ^vity (air) by . . . . S 

Specific gravity of hydrogen referred to air by . , . . • S' 1 

Atomic weight of gas whose specific gravity is to be determined w 
. Undetermined specific gravity of gas by . . • t • • a? 

We have 

(S : S' : : f ir) = {~ = x) 

or^for goHs of equal aiomio voUmteSf the opedfie gravity of hydrogen gas multiplied hg the 
atomic weight of the gas whose specific gratify is to be determined^ gives its specific gravitg. 
It so happens that the atomic volumes of hydrogen, nitrogen, and chlorine gases 
are all eqnal ; therefore we may now represent tho three by other figures Expressing the 





the numbers 0*(ip93, 0-9702, 2*425, being respectively the products of the atomic weight 


of the gas to be determined, and the sjiecific gravity of hydrogen. 

Supposing tha gas, whosQ specific gravity might be desired, possessed only Half ^ 
atomic volume of hydrogen — as is the case with oxygen — ^t]^en the ratio would be 
represented as follows : — 


_ eit j% \ X 2lt? . 

Or, (S : S' ; : 2««> : a?) s= — g — = se). 

Or ^ for gases whose atomic volume is half that of hydrogen gas^ the spedjie gravity of 
hydrogen muliipUed hy twice the atomic weight of the yos, gives the specific gravity of the 
latter, 

A 2 )plying this operation to the present cose, wc have 
0- 0693 X (2 X 8) _ 

Again, Buppo8ing'*[the gas, whose specific gravity might be desired, possessed twice 
the atomic volume^of hydrogen— as*is the case with ammonia an^ many others— then 
we should have the ratio •• 


Or, for gases whose atomic volume is tioioe that of hydrogen^ the spedfie gravity of 
hydrogen multiptied hy the atomic weight of the gasj divided hy two, gives the spedfic gravity 
of the gas. 


v 

Hydrogen 

1 

or 5 
0-0693 


Or, (S : S' : : 


Ammonia 

15 

or 

0-5895 


Hydrogen 

1 

or 

0-0693 


^ Oxygen 
8 or 
1*1088 

> 
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Applying the operation to the case of ammonia, which is a compound of three 
atoms of hydrogen and one of nitrogen condensed into two volumes, we have, 


Three atoms of hydrogen ^ 

Weight. 

3 

One of nitrogen « 

. 14 

One atom of ammonia . * . 

. 17 


0*0693 17 

Then, applying the rule, we have 5 =: 0*5895 ; hence (1:5895 is the 

specific gravity of ammonia ; air being 1. 

Explanation of Proem 2.--*The second process of calculating the specific gravity of 
a gas ur vapour, and which applies exclusively to compounds, will readily be under- 
stood ftom the follow!^ general description : — li two gases, on combining, experienced 
no alteration of atomic bulk,^then^t is evident the mean of the specific gravities of the 
two components would bo the specific gravity of the compound. This is the case when 
hydrogen unites with chlorine to form hydrochloric acia. Two equal volumes unite 
without condensation ; hence the specific gra^^ity of hydrochloric acid must be the 
specific gravity of hydrogen, plus the specific gravity of chlorine divided by two, or 

Sp. gr. hydrogen 0*0693 

Sp. gr. cMorine 2*425 

Twice the sp, gr. of hydrochloric acid • . 2*4943 

Therefore the sp. gr. of hydrochloric acid is 1*247. 

The case may be further illustrated by means of the accompanying diagram—* 

^ Md I 2 vols. of Hydroohlaric Acid. 


Hydrogen 

1 

or 

* *0693 

1 





1 

Hydrochloric 

Acid 

9 





36 

I Chlorine i 




or 

35 1 



1 

2*4943 

or 





2*425 

/ 


1 



In many instances, however, two gases, when they enter into combination, experience 
a contraction, differing in ratio for different combinations. Knowing the ratio, and also 
the specific gravity of the constittlents, it is easy to deduce the specific gravity of Ihc 
resulting compound. For instance— 

Three volumes of hydrogen, by uniting with one volume of nitrogen, constitute 
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ammi^nia ; but the result only occupies two vf^umes, not ^four, as represented by the 
following diagram r 

! ^NitrogejL 

14 

1 

! hydrogen 

i i > 



or ' 

■ : ; .or 



0*9f02 

4 

i 1 00693 


■ 1 




1 Anunonia ' 
! 

or 

0*589 



; Hydrogen 
.1 ■ 1 • 
or 

’ 00693 

. » 


j 



1 

1 


Hydrogen 

1 


1 






or 

0*0093 

1 

1 

» 



Hence the specifie gravity of ammonia will be the result of the sum of three times the 
specific gravity of hydrogen and once the ^cific gravity of nitrogen, divided by two, or 
(»X j)693) + 0» 9702 _ , 

2 

It is obvious that, as the specific gravity of compound gases may be deduced from 
a consideration of the specific gravity of their elements and the final volume of com- 
bination, so a parallel result may be arrived at by accepting as data the vieight of 
given volumes of^component gases and the final volume of the combination. This 
gives us the weight of a volume of the compound, fi:om which itli specific gravity can, 
be deduced. Thus it ijf evident that, ina^uch as hydrochloric acid is a compound of 
one volume of chlorine and one volume of hydrogen, without condensation, its specific 
gravity will bo a mean proportional between the Sum of the weight of equal volumes of 
its constituent gases. Now, inasmuch as 100 cubic inches of chlorine weigh 77*33 
grains, and 100 cubic inches of hydrogen 0*214 grains, it follows thiV the weight of 

77*33 0*214 

100 cubic inches of hydrochloric acid ^ould be = = 38*55 ; whence 

we deduce its specific gravity by the proportion 

31 : 88'65 : : 1 : = 1-24. 

of OoMO.— I. AU toltd iodiet, that potutt a mtain degree eifperotitg, 
<0*6 capable of abeorhxng -This was fizst observed in charcoal, the power of whi^ 

to condense different gases will be fully described in the section on that substance. It 
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has been found, also, by Saussure, juit, to belong to a stone called meerschaum, to 
adhesive slate, asbestos, rock cork, and other minerals ; and t[. raw Bilk and wool, 
xhc following general ^)rinciples are dcduciblo from the experiments of Saussurs.* 

1. It is necessary to deprive the solid of the air which it naturally* contains. When 
of a nature not to b^ injured by heat, this is moSt effectually done by igniting the 
solid, and quenching*?! under mercury, where it is to be kept till admitted to a given 
volume of the ^ gas to be absorbed. Siplids thai are decomposable by heat may be 
deprived, though less effectually, of air, by placing them under a receiver, which must 
then be exhausted by the air-pump. 

2. The same solid absorbs different quantities of different gasesr. « Charcoal, for 
instance, condenses 90 times its bulk of ammoniacal gas, and not quite ^.wicc its bulk of 
hydrogen. 

^ 3. Solids, chemically the same, absorb different qu/mtitics of the same gas, ac- 
cording to their statq of mechanical aggregation. Thus the dense charcoal of box- 
wopd absorbed 7 J volumes o?* air ;* while a light charcoal, prepared from cork, did not 
absorb a sensible quantity. ^ 

4. Different solids absorb different quantities of the* same gas ; the quantity of 
carbonic acid absorbed by charcoal being about*-seven times greater than that absorbed 
by meerschaum. , 

5. When the solid exerts no chemical action on the gas, the absorption is termi- 
nated in 24 or 36 hours. ^ 

6. The effect of moistening the solid is to retard the absoition and to diminish its 

amount ; and when a gas has actually been absorbed it is again didvcn out unchanged, 
partly by water of the ordinary temperature, and entirely by exposure to a boiling 
heat. , 

7. During the absolution of a gas by a solid the temperature of the latter rises 
several degrees, and this rise bears a proportion to the absorbability of the gas, and the 
rapidity with which it if condensed. 

8. Solids condense a greater number of volumes of the more absorbable gases 
under a rare than under a dense atmosphere ; but if the absorption be reckoned by 
weight, it is most considerable under the latter state. 

9. When a solid^ saturated with any one gas ^s introduced into an atmosphere o£ 
any other gas, a portion of the first is expelled, and a part of tl^ii second takes its 

«place. * 

II. ffaaes are aheovhed by liquids , — On this subject the following general principles 
may be laid down : — 

1. The same liquid absorbs different, quantities of different gases. Thus water 
takes up its own bulk of corbonic acid, and not one-fiftieth of its bulk of hydrogen 
gas. 

2. Different liquids absorb different quantities of the same gas. Alcohol, for in- 
stance, absorbs almost twice as much caj^bonic acid as is taken up tby an equal volume 
of water. 

3. The absorption is promoted by fiirst freeing the liquid from air, cither by long 
continued boiling in a vessd. with a narrow neck, or by the air-pump. It requires, ' 
also, brisk and long continued ag%tion, especially with the less absorbable gases. 

4. It does not appear that the gases are absorbed by all liquids in the same order. 
For example, of four gases, naphtha absorbs most olefiant gas \ oil of lavender most 

• « Annals of Philosophy,” vi.i 241. 
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nitrors oxide ; olive oil most carbonic acid ; a)Ld solution of hydiochlorate of potassa 
most carbonic oxide. ^ ^ 

6, The viscidity li<][uids, though it does not much influence the amount ab-* 
sorbed, iccasions^a longer timS to be spent in effecting the absorption. On the other 
hand, the amount of ^ny gas which is absorbed by water, is dii^ini^ed by first dis- 
solving in the water csiy saline substance. 

6. In general, the* lightest liquida^posscss the greatest power of absorbing gases ; 
'whereas, when tl)pre is no evident chemical action, the heaviest gases are absorbed 
most copiously and ^pidly by the same liquid. 

7. The tcinperaturo of a liquid is raised by the absoiption of a gas in proportion to 
the amount and the rapidity of the absorption. 

8. In all liquids the quantities of gases absorbed are directly as the pressure. For 
example, a liquid .which absorbs its own bulk of gas under the pressure of the iftmo- 
sphere, will stUl absorb its owh bulk of the same gas under double, ^triple, &c. pressure ; 
but its own bulk of gas, twice compressed, is equal tev double its lulk of gas ordinarily 
compressed, and so on. The proofs of this law have been given at length in the Philo- 
sophical Transactions ” for 1803/ by the late Dr. Henry. 

9. When w'atcr, or probably any other liquid, is agitated with a limited quantity 
of any mixture of two gases, it does not absorb one gas to the exclusion of the other, 
but absorbs a portion of both. In this case, the density of each gas in the water or 
liquid has a constant relation to that without, for the same gas. Thus in carbonic acid 
gas, the density is the same within and without the water ; in olefiant gas and phos- 
phureted hydiogen, the density within is l-8th of that without ; in oxygen and car- 
bureted hydrogen, &c., the density within is l-27th of that without ; in azote and 
hydrogen, it is about l-50th, according to Dalton, ’though he originally stated it to ho 
l-64th, under the impression that the distances of the particles within were always 
some multiple of those without. This concise enunciation of the general law, deduced 
by Mr. Dalton from his experimental inquiries, will be be^er understood by the 
illustrations contained in a paper published in the “ Annals of Philosophy,” vii., 216, 
where the reader will find a formula for ascertaining the quantities of mixed gases 
absorbed by water. 

The principle on which gases are absorbed and retained by liquids has been a sub- 
ject of controversy. By BerthoUet, THomson, Saussure, and ^e generality of chemists, 
it is ascribed, in all iascs, to the exertion of a chemical affinity between the gas and the 
liquid j but is is contended by Mr. Dalton and myself that the effect in most cases is 
chiefly, if not WTholly, mechanical. The discussion w^ould lead mo into details of too 
great a length ; and I refer, therefore, for a full statement of the argument, to two 
papers which I ijublished in the 8th and 9tlf volumes of “ Nicholson’s Journal to 
Mr. Dalton’s “ New System of Chemical Philosophy and to his essNy, in the 7th 
volume of Dr. Thomson’s Annals,” which contains a reply to the objections advanced 
against the mechanical theory by Saussure, in t}\e 6th volume of the same work. This 
reply seems to have ilfiaccountably escaped the notice of several writers (Berzelius, for 
instance), who continue to urge ^e objections of Saussure, after they have been fully 
and satisfactorily answered by Mr. Dalton. An essay, by Mr. Graham, on the absorp- 
tion of gases by water, in the 12th volume of “ N.sl-of Ann. of Phil.,” is, however, 
deserving the reader’s attention. 

III. Oases have a mutual tendeney to diffusion through each other. — ^This operates to 
such a degree, that, if two different gases are placed in communication, either with 
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large surfaces, or by a narrow tube cq meeting two receivers, each containin^ra dif- 
ferent gas, they are found, after^a sufficient time, to be intimately mized. This happens 
.even when the gases < have very different specific gravities. In this case the lighter, 
though placed uppermost at first, gradually descends, aifd mixes with^the hea'sher, and 
the reverse. A striking instance of this Mnd will Jl)e given [in j^peaking of hydrogen 
gas. From the obso^ations of Mr. Faraday, it appears that gases kept over mercury, 
or in bottles closea by well ground stoppers, ^gradually eychaage places with the 
external atmo^here, and are not to bo rSlied on for their purity after,^long interval of 
time.* , 

Dobereiner, Mitchell, and Graham, especially the latter, have^alsor studied the 
phenomena of mutual gaseous diffusion, which have been referred by iStr. Graham to 
the agency of one general law, viz. “ that the diffusion, or spontaneous intermixture 
of two gases in contact, is effected by an interchange in position o^ indefinitely small 
Volumes of the gases, which volumes are not necessarily of equal magnitude, being in 
the case of each gas ^invei^'ily proportional to the square root in the density of that 
gds.” Hence the relative diffusiveness of two gases are expressed by the reciprocals of the 
square roots of their densities. Thus the density of air beip g 1, its diffusiveness is alsoj, 1 ; 

the density of hydrogen being 0*0693, its diffusiveness is O*^^ ~ 

the density of ammonia being 0*5898, its diffusiveness is yToT^gyg ~ ~1‘30. 

Hence, if hydrogen and ammonia be placed under circumstances favouring their 
mutual diffusion, 456 volumes of hydrogen will change place with 1*30 of ammonia; 
and so on for all other gases. 

IV. Velocity of Gases, — The velocities with which different gases, when condensed 
artificially by the same degree of pressure, escape through a capillary tube, has been 
shown by Mr. Faraday to vary very considerably, f The following tabic exhibits 
the comparative times required by some of the gases tp escape from a vessel in which 
they were all equally compressed at the outsdt, till their density arrived at an 
atmosphere and a quarter. 

Carbonic acid required 156*5 minutes. 

Olefiant gas 135*5 

Gommon*air . . . . . 128 

Coal gas ^ lOd*^ * 

Hydrogen . . . . ^. . . *,, 

These differences cease to exist at low pressures ; for equal volumes of hydrogen and 
olefiant gases passed through the same tube, at equal low pressures, in almost the same 
time. Throu^ small needle holes, hydrogen gas, pressed by a small column of mer- 
cury, escaped* about three times more quickly than olefiant gas. Increasing the 
pressure, the same proportions were observed ; and also, though not to the same degree, 
when the gases were expelled througjii slits cut by a penknife. Coth glass and metal 
tubes produced the effect, and it was heightened as the gas was made to pass more 
slowly through the tube, a^d this, wheHier the increased time was caused by dimi- 
nished pressure, increased len^ of tube, or diminished diameter. The specific gravity 
of the gases seems to have.fio influence, for carbonic acid, olefiant, and oxygen gases, 
under the same pressure and other equal circumstances, required respectively 4' 6", 

* Quart. Journal,” xzii. 220. -f <« Quart. Journal,” iii. 854, vii. 106. 
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3' 3'', W 5' 45", for the escape of tho same qulutily of gas ; numbers, as will be seen 
from the foregoing Tal|e of Specific Grayity of Gases, bearing no proportion to their 
relative weights. What is singpilar in these results is, that the ratio for the same gas 
varies with the pi^ssurc, and that this variation differs in different gases. Thus the 
one which passes witl^^lhe greatest ^icility at low pressures, passet with the least at 
hi^ pressures. ^ 

This investigation has* been pursufid and extended by M. Girard.* •He was per- 
mitted to use, for Sis experiments, the gasometer and pipes belonging to one of the 
gas lighting ^tablishUnents at Paris. The gases operated upon were common air and 
carbureted hydiogsn, which, when allowed to escape at different distances from the 
gasometer, t^u^ equal apertures in a three-inch pipe, and under the same pressure, 
gave the following results : — 

The distances being ..... 1288, 3758, 6228 
The quantities of caihureted hydrogen wqj^e l!^l, HO, 541 
Ditto of common air . . . . 902, 541, 394 

JThe escape of carbureted therefore, considerably exceeded that of common 

air, but not in proportion to its inferior ^ecific gravity, which is not much more than 
half that of the atmosphere, while the excess in the escape of the lighter gas is far 
from being double that of the heavier. Similar results were obtained when the gases 
were expelled through tubes of seven lines in diameter, or through an aperture in the 
side of the gasometer, the lighter gas being discharged in both cases the most abun- 
dantly. In the latter case, each gas escaped eleven times faster than when it had to 
traverse a tube of the same diameter as the hole, and 127 metres in length. In all 
cases, equal quantities of gas, in any one cxperimcitt, escaped in equal times. 

These phenomena of the movement of gases through pipes, M. Girard shows, arc 
exactly the some as those of the linear movement of incompressible fiuids ; and he 
draws several conclusions, whicKare important to those practicqUy engaged in opera- 
tions that require the transmission o7 gases through long tubes ; for which, however, 
I must refer the reader to the memoir itself. 

V. Tho colour of the electric sparky when transmitted through different gases, has 

been observed by De Grotthusf to be as follows : — ^ 

In atmospheric air of double density, the spark was more brilliant* but not coloured. 

In hydrogen gas pur]^e. 

— phosphureted^ydrogcu red. 

— ammonia * . . . red. 

— dry carbonic acid gas violet. 

— oxygen gas j violet. 

— aqueous vapour orange. 

— vapour of ether 1 , 

-mLotMkoll cdadongieen. 

The general inference from his experiments is, that the intensity of dcctric light is 
always in a direct proportion to the density of Ihc gas, and in the inverse proportion to 
the conducting power of the gas for electricity. v 

VI. The comparative aoniferoua properties of the gases have been determined by 
Messrs. Kerby and Merrick ; but, as these belong rather to mechanical than to chemical 

* “ Ann. de Chim. et de Phys.** xtI. 129. t “Ann. de Chim.” Ixxxii. 84. 
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Aoience, I content myBelf with ifefemng to the account of them in the iwenty- 
eeronth and thirty-third Tolnmes of Nicholson’s Journal,’^ and in the forty-fiA 
ydlnme of the “ Phih)sophical Magazine and to Mr. Leslie’s^paper on soui^s excited 
in hydrogen gas.* 

Of the Appi^tetiie for XhLpezimente om the Oaees.^For performing the 
necessary experii^ents on gases, many articles of apparatus sCrc essential, that have 
not hitherto been described. It may assist the student in obtaining the necessary 
instruments if a few of the most essential be here enumerated. In^s place, howeyer, 
i shall mention such only as arc necessary in making a few general experiments on 
that interesting class of bodies. ' ' 

The apparatus required for experiments ‘on gases consists partly of vessels fitted for 
containing the materials that afford them, and partly of vessels adapted for the reception 
of ^ses, and for submitting them to experiment. 

1. For procuring such gases as are producible without a very strong heat, glass 
“ booties, flfumished with ground stoppers and bent tubes, arc 

sufficient. Of these several will be required, of different sizes 
and shapes, adapted to differ&nt^ purposes. If these cannot be 
procured, a Florence, fiask, with a cork perforated by a bent 
glass tube, or even by a leaden pipe, will serve for obtaining 
some of the gases. 

Those gases that require a rod heat for their liberation, 
may be procured by exposing to that degree of heat the sub- 
stance capable of Affording them, in earthen retorts or tubes ; 
or in a gun barrel, the touch-hole of which has been accu- 
rately plugged by an iron pin. To the mouth of the barrel must 
be affixed a glass tube, bent so as to convey the gases wherever 
they may be requisite. 

^ A very convenient apparqhis, for obtaining such gases as 
cannot be disengaged without a red heat, consists of a wrought- i 
iron mercury bottle, to which is firmly screwed about two 
and a half feet of iron gas tube, as represented in the diagram. 
This iron retort, as it may be called, is particularly useful 
in the operation of obtaining oxygen by exposing black oxide of 
manganese to heat. , ' 

The extremity {b) terminates in a screw, to which a tube of 
lead or pewter being attached b^ 

means of a union fastening, the result- jK , 

ing gas may be conveyed into any^ convenient receiving j[P“ 

vessel. f .JR... 

fgH - 2. For receiving the gases, glass jars, of various 

sizes, as represented in the diagrams, are required, || g |i 

some of which rfiould te furnished with necks ^ 1 8 ^ 

B ^ I at the top, fitted with ground stoppers ( 0 ). Others | ;|S I 

11 I should be provided with brass caps, and screws, I I 

Jj [ J for the reception of air-cocks (5). Of these last 

(the air-cocks), several will bo found necessary; ^ 

and to some of them bladders, or elastic bottles, should be firml y tied, for the I 
• “An. of Phil.” N.S., iv., 172. j 




APPARATUS FOE EXPERIMENTS ON ^ASES. 179 

» 

puipow of transfonittg gcuses. These jars wit also be found ozttemdy usefiil in 
experiments on the properties and effects of the gasey. Some of them should be 
graduated into cubical inches. It is important that jars used* for containing gases 
^ould be perfectly free from c^ks, through which, even when scarcely percqstible, 
some of the gases, | especially hydrogen, have been found ^ Doebereiner to 
escape.* 

To contain theses jass, when infuse, a yessel will be necessary^ capable of 
holding a few gallons of water. This may cither be of wood, if of considerable size ; 
or, if small, of tin, japanned or painted. Its size may vary with that of the jars 


employed ; ajj^out two or three inches from the top, it should have a shelf, on 
which the jars may *be placed, when filled with air, without the risk of being 
overset. In this %helf should be a few small holes, to which inverted funnels may be 
soldered. 

Tubes of various forms and sizes, some of them accurately ^aduated into hun- 
di'edths, and others into tenths, of a cubic inch,t are qfuite iftsentiu to those who work 
much on gaseous substances. Beside these, the experimentalist should be furnished 
witji. air-funnels, for transferring'^ases from wide to narrow vessels. 

An apparatus, almost indispensable m experiments on this class of bodies, is a 
gamneter^ which enables the chemist to collect and to preserve large quantities of gas, 
with the aid of only a few pounds of water. In the form of this apparatus there is 
considerable variety ; but, at present, I have no other view 
than that of explaining its general construction and use. It 
consists of an outer fixed vessel, (f, and an inner moveable 
one, ey both of japanned iron. The latter slides easily up 
and down within the othef, and is suspended by cords passing 
over pulleys, to which are attached the counterpoises, e e. 
To avoid the incumbrance of a gi-cat weight of water, the 
fixed VQgscl d is made double, or is cojaposed of two cylin- 
ders, the inner one of which is closed at the top and at the 
bottom. The space of only about half an inch is left between 
the two cylinders, as shown by the dotted lines. In this 
space the hollow vessel c may move froe^ up and dpwn. 
The interval il filled with water as high & the top of the 
inner cylinder. The cup, or rim, at the*top of the outer 
vessel, is to prevent the water from overflowing, when the 
-<^8801 c is forcibly pressed down, in which situation it is 
placed whenever gas is about to bo collected. The gas enters 
from the vessel in whi 6 h it is produced by the communicating 
pipe by and passes along tlie perpendicular pip^ marked by 
dotted lines in the centre, into the cavity of the vessel e, which continues rising 
till it is full, when it is stopped by the cross bar Jo which the pulleys are attached. 

To transfer the gaS| or to apply it to any purpose, the cock i is to be shut, and an 
empty bladder, or bottle of elastic gum, famished with a stop-cock, to be screwed on «. 
When the vessel c is pressed down by the hancl, the gas passes down the central pipe, 
which it had before ascended, and its escape at b being prevented, it finds its Way up 
a vertical pipe, which is fixed to the outer surface of the vessel, and which is tezmiaated 
by the cock a. By means of an ivory mouth-piece screwed upon this cock, the gas, 
• » Ann. do Chim. et de Phys.” xxiv., 832. t See Faraday on Manip. \ 112. 
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indudod in the instrument, may be redpired, the nostrils being closed by the fingers. 
When it is required to transfer the gas into glass jars standing iuTerted in water, a 
» crooked tube may be employed, one end of which is screwed dpon the cock h, while 
the other aperture is brought under the inverted funnel, fixed into the dielf of the 
pneumatic trough. ^ . 

Several alteraticyis have been made in the form of this apparatus, but they arc 
principally such as add merely to its neatness apd beauty, and riot to its utility ; and 
they render i^ less easy of explanation. The counterpoises e t are now, for example, 
generally concealed in the framing, and the moveable vessel c it frequently made of 
glass. In some delicate experiments .oi ^research, it 
may bo necessary to obtain a current of gas, issuing 
with a uniform velocity, and under a pressure con- 
stantly the same. Such an apparatus was employed 
by Delarocho and B6rarid in their researches into the 
specific heat of the gases.* Its principle is explained 
by M. Biot, in his “ Trait6 de Physique,” tome i. 

When large quantitie? of gas are required (as at a 
public lecture), the gas-holder will be found extremely 
useful. It is made of tinned iron plate, japanned both 
within and without. Two short pipes, a and c, ter- 
minated by cocks, proceed from its sides, and another, i, 
passes through the middle of the top or cover, to which 
it is soldered, and reaches within half an inch of the 
bottom. It will bo found convenient also to have an 
air dock, with a very wide bore, fixed to the funnel 
at b. When gas is to be transferred into this vessel 
from the gasometer, the vessel is first completely filled with water through the 
funnel, the cock a beipg left open and c shut. By ni'^ans 
of a hroizontal pipe, ^e aperture a is connected with a 
of the gasometer. The cock b being shut, a and c are 
opened, and the vessel e of the gasometer gently pressed 
dowx|;wards with the hand. The gas then descends from 
the gasometer tiB the air-holder is full, whiihi may be 
known by the wai6er ceasing to escape through the cock e. 

All the cocks are then to be shut, and the vessels disunited. 

To apply this gas to any puipose, an empty bladder may 
be screwed on a, and water being poured through the 
fun^ 5, a corresponding quantity of g&s is forced into tho 
bladder. B^/lengthening the pipe b, the pressure of a 
coluzpn of water may be added; and the gas being 
forced through a with considerable velocity, may be 
applied to the puipose of a blow-pipe, &c. Tho ap- 
paratus admits of a variety of modifications. The most useful one appears to mo to 
be that contrived by Mr. Fepys, consisting chiefly in the addition of a shallow cis- 
tern (s, as represented above) to tho top of the air-holder, and of a glass register tube, 
/, which shows the height of the water, and consequently the quantity of gas in the 
vessel 

• “Ann. de Chim./* Ixut. 224. 
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Perhaps the most cpnyenient vessel for storisg oxygen in large quantitieS| may be 
formed out of a carhoyjas 1 shall 
explain.^ • 

The carboy itself m furnished 
with a brass* collar to which 
are attached two stQp-cocks a 
and s'. To the stop-coct s' is 
represented in the cut a syphon 
(c) attached^ »The sj^hon, how- 
ever, admits of rSknoval, and is 
only employed whilst the opera- 
tion of filling the carboy with 
gas, i,e. emptying it of water ^ 
goes on. To the stop-cock s is 
attached a piece of gas-pipe 
and this, in its turn, is attached* 
to the wrought-iron bottle, de- 
scribed at page 178. 

The arrangement being as 
described, it is evident that if 
gas be forced into the carboy 
through the stop-cock s, water 
will run out through the syphon c until the carboy is full of gas. 

When fiU^^d, the two stop-cocks are turned, 
the syphon and the tube a removed, and a 
funnel screwed on to j, as represented in the an- 
nexed cut. The action of the instrument will 
^now be evident at a glance.* 

If water bo poured into the funnel/, it follows 
that gas must emerge through the stop-cook «, 
and thence wherever required. It remains to be 
stated, that in the diagram the carboy is ropre^nted 
as unprotected. This was done for the sake of 
securing clearness of illustration ; but in practice 
the cari>oy is placed on a box in the midst of saw- 
dust, the neck only projecting ; the box, moreover, 
is attached to castors. 

The gasometer, already described, is fitted only for the reception of^sesthat arc 
confinable by water ; because quicksilver would act on the tinning an^solder of the 
vessel, and would not only be spoiled itself, but would destroy the apparatus. Yet an 
instrument of this kitd, in which mercury can'^be employed, is peculiarly desirable, 
on account of the great weight of that fluid, which makes the employment of large 
quantities of it both inconvenient and costiy ; and two varieties of the mercurial 
gasometer have therefore been invented. The one, of glass, is the contrivance of Mr. 
Olayfield, and is represented in the plate prefixed to Sir H. Davy's 8vo vdlume of 
“ Researches," published in 1800. In the other, invented by Mr. Pepys, the cisteni 
for the mercury is of cast-iron. A drawing description of it may be found in the 
fifth volume of the Philosophical Magazine but, as neither of tiiese instraments 
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are essential to the chemical student, and as they are required qply in eiqpcrimcnts of 
research, I deem it sufficient to* refer to the minute, descriptions lof their respective in- 
ventors. Mr. Newman has lately joined a gasometer of this kind to mi improVed and 
most useful mcrcuri^ trough, hy means of which advantagei| of both arc obtained 
with only 60 or 70 founds of quicksilver. A description and drowingof this apparatus 
is given in the “ Quarterly Journal of Science,” i. 186. The^oUewing description will 
suffice for mos^. purposes. ^ 

Fig. 1, is a front view; Fig. 2, a section; and Fig. 3, a view looking down from 
above into the cavity of the trough. A, the glass bcU of the gasometer, Cohown about 
half full of gas ; B, the exterior vessel of the gasometer. In FiJj. 1^ tfic central solid 




part, which filla the cavity of the bell when depressed as far as it will go, is shown by 
dotted lines, as also is a small iron tube, on which the letter B stai^. This tube con- 
veys the gases frorf the small bell-shaped vessel E, in which they are first received, into 
the receiver A of the gasometer. In Fig. If, this tube is ma^ed b h, and maybe seen 
rising a little above tho mercury, which is thus prevented from falling into it. In 
Fig. 3, the termination of this pipe is marked by a circle, close to the letter C. 

J), Fig. 1, one of the sides of tho cistern 
for containing mercury; at O the cistern 
has a semi-cylindrical cavity seen more dis- 
tinctly in Fig. 2. F ir a small tube opening 
into the gasometer, and also under one of 
tho small holes Fig. 3. By means of 
this tube, a small portion of gas may, at any 
time, bo transferred from the gasometer 
into a narrow test tube or other vessel. H 
is a deep circular cavity, or well, into which 



Fig.3. 


a long tube or jar may occasionally be immersed, when it is necessary to have the mercury 
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at the same level within and without. I, is a receiver into which gas is supposed to he 
passing from a retort heated by the spirit lamp K. Thifilamp^ by means of a pillar and 
socket, may be raised or lowGrc)|l at pleasure, and is secured at an/ desired height by a 
spring. K, a Volta’s Eudiometer, secured by an upright pillar L, in which is a spring to 
diminish the recoil om firing any goi^es. This is moveable, and infixed when wanted 
to the side of the trouj^h by the screws M. 0 0, a sheet iron tra 7 > intended to collect 
any mercury that may be ispilled out oS the troij^h. 

For those gaseS that are absorbed by water, a mercurial trough is necessary. For 
the mere exhibition a few experiments on these condensable gases, a small wooden 
trough, eleven utebes long, two wide, and two deep, cut.out of a solid block of mahogany, 
is sufficient ; but,, for experiments of research, one of cast iron, of considerable size, is 
required. Very convenient mercurial troughs, on a small scale, are now made of 
porcelain. ^ ' 

The apparatus required for submitting gases to the action of eleetficity, is shown under-' 
neath, where a represents the knob of the prime conduiitor o^an electrical machine ; a 
Leyden jar, the ball of which is in contact with 

it, as when in the act of abating ; and e the ^ 

tube standing inverted in mercury, and partly 

filled with gas. The mercury is contained in 0^^ - ^ 

a strong wooden box rf, to which is screwed T lijji 

the upright iron pillar e, with a sliding collar 

for "securing the* tube c in a perpendicular j ^ ^ 

position. When the jar i is charged to a cer- | , ; .f j;.^ : B } 

tain intensity, it discharges itself between the IL< |j ^ f JS[h 

knob a and the small ball which, with the |i| t 

wire connected with it, may be occasionally P 

fitted on the top of tube e. The strength of 

the shocks is regulated by thoMdi^ance between a and i, Py the same apparatus, 
inflammable mixtures of gases may be exploded by electricity. In this case, however, 
the jar b is unnocessar}’', a spark received by i from a being sufficient to kindle the 
mixture. 

The method of weighing gases is very simple, and easily practised. For this pur- 
pose, however, it is necessary to be prilvided with a good air-pump, and with a globe or 
flask by furnished wiiSh a brass cap and air-cock. A graduated rcceitJeris alsorequired> 
to which an air-cock is adapted, as shown underneath. 

Supposing a receiver to be filled witli aqy gas, the weight of which is to be 
ascertained, we screw the cock of the vessel b on the transfer plate 
jf ^ air-pump, and exhaust It as completely as possible. The weight 

B J of the exhausted vessel is then very accurately taken, i^en to a small 

^1^ y fraction of a grain, and it is screwed upon the air-cock of the re- 

ceiver. On opening both cocks, ^e last of which ^ould be turned veiy 
gradually, the gas ascends from the receiving vessel, and the quan- 
^ tity which enters into the flask is known by the graduatedsoale. On 
weighing the vessel a second time, we ascertain how many grains have been admitted. 
If we have operated on common air we shall find its weight to bo at the rate 
of about 31 grains to 100 cubical inches, as already explained. The same quantity J 
ofoiqpgen gas win weigh about 34 grains, and of carbonic acid gas npwaids'Of ^ 
grains. ' i 
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WEIGHING GASES. 

In experiments of this kind it is ntfoessory either to operate with the barometer at 

30 inches, and the thermometer at 60** Fah., or io reduce the vijlume of gas employed 
^ to that pressure and temperature, by rules which will presently'be giyen. G^at care 

is to be taken, also, not to warm any of the vessels by contact with the hands, from 
which they should he defended by a glove. On opening the co|jmunication between 
the receiver and th% exhausted globe, if any water be lodged in the air-cock attached 
to the*former, it wifi be forcibly driven into ^e globe, and tlfo experiment will be 
frustrated. This may be avoided by us\ng great caro in filling the receiver with water 
before passing into it the gas under examination. • 

The specific gravity of any gas compared with common air is rc%di\v'j{3iown when 
we have once determined its absolute weight. Thus, if 100 cubic inches of air weigh 

31 grains, omitting fractions, and the same quantity of oxygen gas weighs 34 grains, 
we 

, 31 : 34 : : 1*000 : l*164i 

The specific gravity hf oX]igen gas will therefore, according to this calculation, be as 
1'164 to I’OdO. We may determine, also, the specific gravity of gases more simply by 
weighing the flask, first, when full of common air, fbid«again when exhausted ; ind 
afterwards by admitting into it as much of the gas under examination as it will 
receive ; and weighing it a third time. Now, as the loss between the first and second 
weighing is to the gdin of weight on admitting the gas, so is common air to the gas 
whose specific gravity we are estimating. Supposing, fur example, that by exhausting 
the AmTc it loses 31 grains, and that by admitting carbonic acid it gains 47 ; then 
31 : 47 :: 1*000 : 1*516. 

The specific gravity of carbonic acid is therefore, according to this calculation, 1*516, 
air being taken at 1*000. And, knowing its specific gravity, we can, without any 
farther esperiment, determine the weight of 100 cubic inches of carbonic acid ; for, as 
the specific gravity of air is to that of carbonic acid, so is 31 (or any other more 
accurate weight of 100 inches of air) to the numbej ret[aired ; or 
1000 : 1*516 : : 31 : 47 nearly. 

One hundred inches of carbonic acid, therefore, will weigh about 47 grains. 

Pza.ctice in ACanipnlation. — ^Previously to undertaking experiments on other 
gase8,^tmay be wqU for an unpractised experii^entalist to acquire manual dexterity 
by transferring common air from one vessel to others of different sifics, in the following 
I manner 

1. When a glass jar, closed at one cisd, is filled with iTater, and held wdth its 
mouth downwards, in however small a quantity of water, the fluid is retained in its 
place by the pressure of the atmosphere,on the surface of the exterior water. Fill in 
this manner, and invert, on the shelf of the pneumatic trough, one of the jars, which is 
furnished witrfa stopper. The water will remain in the jar so long as the stopper is 
closed ; but immediately on removing it, the water will descend to the same level 
within as without ; for it is now piC'seed equally upwards ant downwards by the 
atmosphere, and falls, therefore, in consequence of its own gravity. 

2. Place the jar, filled with water and inverted, over one of the funnels of the shelf of 
the pneumatic trough. Then take another jar, filled (as it will be of course) with atmo- 
sphOTical air. Place the latter with its mouth on the surface of the water ; and, on 
ps^Kong it in the same position below the surface, the included air will remain in its 

* aitetioni Bring the mouth of the jar beneath the funnel in the shelf, and innliTifl it 
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gradually. The air will now rise in bubbles, tl^ough tLe funnel, into the upper jar, 
and will ezpol the watcj* ^om it into the trough. 

3. L(Jt one of the jars, provided with a stop-cock at the top, be* placed full of air on 
the shelf of the trough. Screw upon it an empty bladder ; open the communication 
between the jar and ^e bladder, and press the former into the ^ter. The air will 
then pass into the blazer till it is filled ; and, when the bladder ft removed from the 
jar, and a pipe screwed upon it, the aH may ba again transferred into a, jar inverted 
in water. 

For the pilose ofi transferring gases from a wide vessel standing over water, into 
a small tube* fiUed«wit)i and inverted over mercury, I have long used the following 
simple contrivancf^ of Mr. Cavendish. A tube eight or ten inches long, and of very 
small diameter, is drawn out to a fine boro, and bent at this end, so as to resemble the 
italic letter I The^point is tl^en immersed in quicksilver, which is drawn into 'Ihc. ’ 
tube till it is filled, by the action of the mouth. Placing the fing;^r over the aperture i 
at the straight end, the tube filled with quicksilvei^ is nilxt conveyed throu^ th(} • 
water, with the bent end uppermost, into an inverted jar of gas. When the finger is \ 
rcml>ved, the quicksilver falL^irom the tube into the trough, or into a cup placed to i 
receive it, and the tube is filled with the gas. The whole of the quicksilver, however, I 
must not be allowed to escape ; but a column must be left, a fejr inches long, and j 
must be kept in its place by the finger. Hemovc the tube from the water; let an j 
assistant dry it with a towel or with blotting-paper, and introduce the point of the | 
bent end into the aperture of the tube standing over the quicksilver. On withdrawing j 
the finger from that aperture which is now uppermost, the pressure of the column of ; 
quicksilver, added to ^e weight of the atmospher<^ will force the gas from the bent 
tube into the one standing in the mercurial trough. 

Rules for Conducting Experiments.— It is necessary to observe the precise 
quantity of gas at the commencement and close of an experiment, and also that the baro- 
meter and thermometer exactly csrrQgpond at both periods. An increased temperature, j 
or a fall of the barometer, augments the apparent quantity of gas ; and a reduced tempe- | 
rature, or a higher barometer, diminishes its bulk. Another circumstance, an attention j 
to which is indispensable in all accurate experiments, is that the surface of the fluid, 
by which the gas is confined, should be^reciscly at the same level within and without 
the jar. If the fiui^bc higher within the jar, the contained gas will be under a less 
pressure than that of the atmosphere, the weight of which is countei^oiscd by that of 
the column of fluid withip. In mercury, tjjis source of error is of very considerable 
amount ; as any person may be satisfied by raising, above the surface of the quick- I 
silver of a trough, a tube partly filled with t^t fluid, and partly with air, for the 
volume of the air will enlarge as the surface of the mercu^ within the tube is 
elevated above the outer surface. 

In experiments on gases, it is not always possible to begin and conclude an 
experiment at preciself the same temperature, orewith the same height of the barome- 
ter ; or even to bring the mercury within and without the receiver to the same level. 

In these cases, therefore, calculation becomes •necessary ; and, with the view of com- 
paring results more readily and accurately, it is usual to reduce quantities of gas to 
the bulk they would occupy under a given pressure and at a given temperature. In 
this country, it is now customary to assume as a standard 30 inches of the barometer^ 
and 60** of Fahrenheit’s thermometer, and to bring to these standards observatioxii 
made under other degrees of atmospheric pressure and temperature. The rules foiT 
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ifi # "" 

these corrections, which are sufficiently simple, have already been given under a different 
head. A recapitulation of mils, however, will be desirable ; wy are aa foUows : — 

* I 

RULES FOR BEDUCINO THE VOLUME OF OASES TO A MEAN HEIGHT OF THE BABOHETEH, 
j AND MEAN TEMFEBATUHE. 

1. From the epaSt^ oeeupied by any quantity of gas under mobeqs^ed degree of pressure^ 

I to infer what mits volume would he under* the mea^ height of the barometer^ taking this at 
30 inches^ as is now most usual. 

This is done by the rule of proportion ; for, as the mean height is to jihe observed 
height, SO is the observed volume to the volume required. Fcr eCaffipIe, if we wish 
to know what space would be filled, under a pressure of SO incher of mercury, by a 
qu^tity of gas, which fills 100 inches, when the barometer is at 29 inches, 

. 30 : 29 : ; 100 : 96-66^ 

The 100 inches would, thejefore^ be reduced to 96*66. 

** 2. “lb estimate what would he the volume of a portion of gaSy if brought to any required 
temperature. „ 

If the temperature of the gas is above 32"* Fah. multiply its total volume by 490, 
and divide the product by 400, plus the number of degrees that the temperature of the 
gas exceeds 32'* Fahr By this process wo obtain the space that the gas would occupy 
at 32® Fah. 

To determine its volume at any other temperature, add of the volume at 32'" for 
each degree that the temperature required exceeds 32° Fah. 

Thus, to find what space 100 cubic inches of gas at 60° would occupy if raised to 60, 

~ ^ ^ volume at 32°.. 

And 96*4 + ~ 101 the volume at 60®. 

*■ 0- 

3. In some cases it is necessary to make a double correction, or to bring the gas to a 
mean both of the barometer and thermomein'. Wq must then first correct the temperature, 
and afterwards the pressure. Thus, to know what space 100 inches of gas at 60® 
Fahrenheit and 29 inches barometer would fill at 60° Fahrenheit and 30 inches 
barometer, we first convert the 100 inches, by*the second procei^ to 102. Then, by 
the first, 

30 : 29 : : 1^2 : 98*6 ; 

or 100 inches, thus coirectod, would be only 98*6. 

4. To ascertain what would he the eksolute weight of a given volume of gas at a mean 
temperaturCy ^om the known weight of an equal volume at any other temperature . — 
First, find by the second process what would be its bulk at a mean'temperature ; and 
then say, as the corrected bulk is to the actual wei^t, so is the observed bulk to the 
number required. Thus, if we have foo cubic inches of gas we^hing 60 grains at 60® 
Fahrenheit, if the temperature were raised to 60®, they would expand to 103*6. And 

103*6 : 60 ; : 100 : 46*4. 

Therefore 100 inches of the same gas at 60® would weigh 49*02 grains. 

6. To learn the abaeluie weight of a given volume of gas under a mean preeeutef^ from 
ite known weight under an observed pressursy — say, as the observed pressure is to the 
mean pressure, so is the observed weight to the corrected weight. For example^ 
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having 100 inches of which weigh 50 grains under a pressure of 29 inches, to know | 
what 100 inches of the^ame gas would weigh, the barometer bcii^ 30 inches, ^ 

^9 : 30 : : 50 : 51*72. 

Then 100 inebos of thj same gas, under 30 inches pressure, would^wcigh 61*72 grains. 

6. In some cases it ^s necessary to combine the two last calculaUons. Thus, if 100 
inches of gas at 50° Fdhrenheit, and uu^er 29 inches pressure, wei^ 50 grains, to find 
what would be thc«(veight of 100 inches at 60^ Fahrenheit, and under 30 Inches of the 
barometer, first correct the temperature, which reduces the weight to 45*4 grains. 
Then, 

29 : 30 : : 45*4 : 47. 

One hundred inches, therefore, would weigh 50*71 grains. 

-» * 

Conectiona fox Aloiatuxe in Oases.— Another correction, which it is often * 
necessary to make in taking the weight of gases, is foi»the (|^antify of aqueous vapour 
dilFused through them. It is obvious that all gases, which are specifically heavier thafi 
aqueous vapour, must have thesir specific gravity diminished by admixture with steam ; 
and, on the contrary, all gases that arc sppcifically lighter than steam must have their 
specific gravity increased by that admixture. For the following formul© we arc 
indebted to Mr. Dalton ; — 

At ordinary temperatures, the tension or elasticity of aqueous vapour varies from 
xiu the whole atmospheric pressure ; in the present case, it is supposed to be 

a given quantity. The specific gravity of pure steam compared with that of common 
air, under like circumstances of temperature and pressure, is, according to Gay Lussac, 
as 0*620 to 1. 

Let a = weight of 100 cubic inches of dry common air, at the pressure 30 inches, 
and temperature 60® Fah, ; p = any variable pressure of atmospheric gir ; and / = 
pressure or tension of vapour in Mi;j^oist gas. Then the following formulm will bo 
found useful in calculating the volumes, weights, and specific gravities of dry and 
moist gases ; putting M for the volume of moist gas ; D for that of dry gas ; and 
V for that of vapour— all of the same pressure and temperature. 

1. M =s D + V. 2. M = D. 

• P 

3. I M ^V. 4 . M =z 

P ^ P-f f 

If WO wish to infer the specific gravity of any dry gas from the observed specific 
gravity or weight of the same mixed with vapour, it will be convenient to expound p 
by that particular value which corresponds with a, namely, 30 inches of ftercury ; and 
let s =£: the specific gravity of the dry grass, and w = the observed weight of 100 cubic 
inches of the moist gas^ 

Then wc shall have the following, viz, : 

5. — , o + / X ’-620 a = w. 

30 p 

30 / . 

«• * = 15^7;, (“--lx 
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FORMULA FOR CORRECTIONS FOR MOISTURE. 


EXEMFLIF1CA.TION1. 

1. 98 vol. dry air + 2 vol. vapour = 100 vol. of moiat air. 

2. Given p = 3Q, / = *5, and M = 100. 

X^en M = D, the dry air, = OSJ. 

3. And = V, the vapour, = If. 

4. Given D = 100, p = 30, f = *4. 

Then J-®® = 101-35, the moist air. 

29-6, 

“ Given V* = 2, j> = 30,/ = -3. 

T^en ^ = 200, the moist air. 

6. tct/= -5, » = 1-111, a = 30-6, p = 29-5, 

Then 5®^1-1U X 30-5 + X -62 x 30-5 =i 33-61 = «-, 

which gives the specific gravity 1*103. 

6. Let /, a, and p, as above, and w = 2*0, corresponding to sp. gr. 0*8197. 

• = 1F5-?3F6(2 ® - X -62 X 30-6) = 07266. 

The above formulae apply equally well if V bo a permanent gas, or any other vapour 
beside that of water, the specific gri.vity of the gas or vapour being substituted instead 
of *620, that of steam. 

The correction respecting gases, most frequently required in the laboratory, is for 
moisture ; for it is scarcely possible to obtain any gas, artificially deprived of aqueous 
vapour, in quantity siifdcient to be weighed in tlf&t state. It is better, therefore, to 
weigh the gas charged with the full quantity of moisture due to its temperature, whieh 
it will soon be if allowed to remain in contact with water ; and then to calculate what 
would be the weight of the same volume entirely free from aqueous vapour. This may 
be d8ne by the following rule, in exemplifykig which 100 cubic inches of moist 
atmospheric air, c^t 60® Fah. and 30® bar., are assumed to weigh grains. Find the 
force of vapour at that temperature by Mr. Dalton’s tabic, which is 0*524. 

Then 30 : 0*624 : : 100 : 1*747 = the Volume of aqucou4 vapour in 100 inches of 
moist air at 60®. 

And as 100 cubic inches of aquc(X2S vapour weigh 19 grains, 1*747 cubic inches 
must weigh 0j^368 grain. 

Next, from the weight of 100 cubic inches moist air . . . .31* 

Subtract 0*3368 

' i 

30*6632 

* It is easy to see that V, in this and the other cases, mostly will denote a virtual volume only ; 
or'such as would result, if the vapour were condensable liho a g^us, without beiu^ convertible into a 
liquid. 

t In order not to disturb the calculation, this number is allowed to remain ; although it is slightly 
discordant with recent determination of the weight of atmospheric air, which, ae *we have seen at 
page 166, is generally admitted to he eomething more than 31 grains, the point not being as yet 
made out with more exactness. 
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Wcf* have then the weight of 100 — 1*747*=: 98*203 cubic inches dry air, viz,^ 
30*6632 grains. I 

And 58*253 : 30*663^ : : 100 : 31*214. 

The weight, then, of 100 cubic inches dry air, at SO inches bar. and 60° Fah., is 
31*214 grains, 

The specific gravity of any other gas compared with common air is then easily 
determine. For as tRe weight of lOO^cubic inches of dry common air is to the weight 
of 100 cubic inche»of any other dry gas, so is imity to the number requifed. 

Caloric as Occasioning the Spheroidal State of Ilnids.»irntil the 
researches cf ]^outigny d'Evreux, philosophers had been accustomed to speak of 
three conditions of physical state as assumed by bodies in reference to caloiic—namely, 
the conditions of loli^ liquid, and vapour, or gas ; nevertheless, the phenomenon of 
spheroidicity, or cal<»faction, as it is> sometimes denominated, must have been noticed at 
periods of very remote antiquity, and, indeed, was probably taken advantage of in the* 
performance of so-callcd miracles, such as passingt the jordedl of fire unscathed, 
handling molten metals, and other feats of a similar kind. The first persdh wlfb 
happened to heat a piece of flint, morsel of granite, or any metal, and allowed some 
drops of water to fall upon either of these heated bodies, must .have remarked that, 
under these circumstances, the water would not comport itself as under the more 
ordinary conditions of applying the source of heat to the solid body having water 
or other liquid upon its surface from the first. Still, however, the curious phenomena 
in question do not appear to have been noticed with any view to- their generalization 
until the latter part of the last century, when certain physycists began to analyze the 
rationale of iko peculiarity. Amongst the first of these observers was Leidenfrost,* 
since which time the small number of natural philosophers who have occupied them- 
selves with investigating this phenomenon have scarcely added anything either to the 
list of experiments bearing upon it or contributed to its theoretic explication. Every 
person almost has observed, that>,;yhcn some drops of water art^allowed to fall upon a 
capsule made red hot, this water, 'Tar from distributing itself over and wetting the 
metallic surface, assumes the condition of globules, which roll upon the surface without 
adhering to it. This is the primary*fact— this the point du depart of M. Boutigny’s 
researches. 

In books on physics, writers until lately have contented themselves by saymj that 
water when brought^to contact with an incandescent surface, doqp not adhere to it) 
but evaporates more slowly than when brought gradually and under ordinary circum- 
stances to the temperaturl of ebullition ; tRus leaving the phenomenon itself without 
any satisfactory explanation. 

When a few drops of water are projected upon a slightly concave plate of silver at 
the ordinary temperature, the liquid moistens the surface of the plate gnd adheres to 
every point of contact. If this plate be now heated by means of a spiritTamp or other 
convenient flame, the water, on being brought to the temperature of 212° Fah., evolves 
vapour, and, due tunc^eing afforded, completely evaporates. But if, before pouring in 
the water, the capsule be heated considerably above 212% say to 287 or 288° Fah., 
then the nature of the resulting phenomendn changes altogether. The water now 
ceases to adhere to the silver capsule ; does not extend over its surface ; doubles back 
on itself, so to speak, and assumes the form of an oblate spheroid. The temperature 
hitherto fixed at 212° Fah. now suddenly becomes lowered to 212° — a, and remains per- 

• De aquED communis qnalitatibus— Duisbourg, 1790. 
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manentlF at thia degree, notwithstanding the application of any increment qf heat. 
The evaporation, far from hein^ increased by this elevation of tr>mpcrature, diminishes; 
r water thus circumstfuiced requiring at least a fifty>fold long^jr period for the same 
amount of evaporation than it would if merely sttbjected to the temperature of 
ebullition. • ^ ( 

Lastly, the obhite spheroid becomes, with peculiar undulatoiy movements, perfectly 
visible, and present the greatest analogy wi^ those pro|lucf d by sonorous bodies 
whilst in th6 act of vibration. The ’same experiment, repeated ;with various other 
liquids, affords, in almost all cases, a similar result, varying only^ as the normal boiling 
point varies of the liquid under treatment. r , 

Such are the chief phenomena, such are the new laws which* liquids obey, from the 
period when they cease to be submitted to the ordinary law of equilibrium of tempera- 
ture, — a law which is only exercised within determinate limits, an(l a harrow range of 
'conditions. ' 

The following are somf experiments by the aid of which the phenomena I have 
been dfescribing may be rendered sensible. If a portion of some very combustible body 
be taken — nitrate of ammonia, for example, which inflpmes at a very low tempera- 
ture—and if it be projected upon a capsule of platinum, maintained at a red hcat,^the 
salt will enter into fusion, will assume the ‘spheroidal condition, will neither bum 
nor decompose otherwise than very slowly. Eemove now the source of heat from the 
platinum, allow the plate to grow cool to the degree at which the nitrate of ammonia 
ordinarily inflames, when fusion and combustion will at once take place. This expe- 
riment affords a singular example of a very combustible body refusing to bum under 
circumstances which seem to be most favourable to combustion, and which burns imme- 
diately when the excess of heat is xamoved. 

If, instead of nitrate of ammonia, iodine be projected upon the same red-hot plate, 
the vapours of iodine will be scarcely visible ; but if the plate be allowed to cool, the 
! iodine will spread all over its surface, evolving characteristic violet-coloured vapours ; 
j and, lastly, if a little d!fstilled water be thrown inten red-hot capsule, the liqmd rapidly 
I assumes the spheroidal condition — ^not adhering to the capsule nor boiling, hut evapo- 
rating very slowly. If the bulb of a thermometer he phmged into the spheroid, the 
mercurial column will invariably indicate a lower temperature than that of boiling 
water ; hut if the capsule be allowed to cool, the thermometric mercury will at once 
ascend to 212®, thp water will burst into tumultuous ebullition, aifd will rapidly evapo- 
rate in the ordinary manner. 

These new and singular facta appear to<bG in manifest opj^sition to the known laws 
of heat •, and other experiments, which may he regarded as corollaries of the preceding, 
may serve to indicate the hearing of thase observations. 

Thus the I^wb which regulate the demeanour of bodies which have passed into the 
spheroidal may serve to explain certain cases of explosion oocuiring in steam- 
boilers. The following experiments will serve to explain manner in which thig acci- 
dent may occur * 

Take a very thick silver capsule, heat it to whitenee»; then seizing it with 
a pair of tongs, All it rapidly with wat^ by dipping it into a large vessel containing 
this liquid ; lastly, place the capsule on a support. All the water which it ig 

in the spheroidal condition, and, although contained in a vessel heated to whiteness, 
has only a temperature of 205-3. At length the period arrives when tiie temperatoro 
of the capsule is not sufficient to prolong the spheroidal state, whicji, passing to the 
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ordinaq^ €on/dition of liquidity, boils with extreihe Ti<deBoe. Tho a^ppaistus for eon* 
ducting this experiment is depicted in the ^ 

subjoined diagram. ^ * S 

The ^ecedingjexperimenfc bblves, as M. j • 

Boutignyjustiyremazis, a curious problem, • I 

iHxich may be thus stated To u ^ I 

with water without fncisten^ng it, and to boU ^M mv/ I 

the water by cooling^ the veseel | 

The singular phenomena of spheroidicity /| [ ^ 

are not restsi^ed to small masses of liquid, j y [ 
although such fiarc b(^n the subject of my L A | || If 1|| W 1 

prcced^ remarks! On the contrary, Tory A| f 1 7 I 
large masses of liquid may assume this state, I ¥p / ) ^ P I 

as M. Boutigny has proved. ‘ These facts | ' i 1/ I 

lead to many important practical considers- r I , 11 

tions; pre-eminent amongst which are those r I 

ha\^g reference to steam-boiler explo- I 

sions. Anterior to the investigations of M. 

Boutigny, it was thought that the cause of 

steam-boiler explosions w'as the absence of * 

sufficient vent for the overpressure of steam, or the two great increase of fire. M. 

Bcutigny’s experiments, however, lead irresistibly to the conclusion that the explosion 

of a steam-boBer is possible from directly opposite causes— the sudden escape of steam 

from a boiler by turning a tap ; opening a valve 

0 ^ or other equiralent means; the sudden removal 

\ 7 fire ; by letting in a sudden jet of cold water ; 

p f or, in short, any act resulting in a lowering of 

1 Vv'i^' temperature. ^ • 

J|H The following curious experiment, which 

admits of ready verification, demonstrates the 
foundation on which these speculations are based. 
Kj silver flask, about the capacity of an 

- / ojl Florcnce-flask, being fixed on a very s^ng 

I ' V iron support, is heated nearly to redness by 

I 1 means of an Argand spirit-lamp. About a fluid 

I I' I drachil! of water is now poured in through a 

I tube, and 'the flask being rapidly and firmly 

B Jlllll corked, tlie source of heat is removed. For a 

short period all remains tranquil^ The water 
ILr introduced having assumed the spheroidal con- 

dition evolves bdt little steam; hence the 
«o* remaSa tightly fixed. Meaotima, the 
silver vessel gradually cooling assumes a tem- 
perature ’ incompatible with the maintenance 
of aqueous eqdieFoidal fluidity. No sooner has this balance of conditions been attained, 
than the entire water is at once converted into steam, and the cork is pvojeoted 
with^Yiolence. It is easy' to trace the connection subsisting between the eixpesci^ 
ment just described and many conditions to which steam-boilers in action are subjected. 
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Thus, let it be assumed that a steam-l&oiler containing its charge of water, andP heated 
in the usual manner, has, for ^ few instants, aU steam egress prevented. In practice 
such a condition often occurs. Let it now he supposed that a^ sudden gush^of steam 
takes place, and wc shall he in a position to give direct application to the laws of 
liquid sphcroidicit^f The first eficct of the suddenrescape of stea^ is to ca^ise the cdiarge 
of water to he proj^^d towards the upper part of the hoiler. *lt falls almost immedi- 
ately ; hut, however short the interval hetweeq its rising *and falling, the hoiler itself 
has been acchmulating heat all the w£ilc; and this accumulation «inay he to such an 
extent that the water on descending no longer comes in contact with the hoiler, hut 
assumes the speroidal state. In fact, the hoiler and its charge o^wqtdr* are now in 
almost the identical condition with the silver flask 'and its c&arge. The only dif- 
ference between the two is this The silver flask being corked, nonissue for the steam 
ex&ted until the cork was forced out; whereas in the steam-enginr boiler, it is assumed 
* that the ordinary working flow of steam takes place. ‘Virtually, however, the steam- 
engine boiler may h% regarded cas hermetically closed, as will he demonstrated pre- 
i^ently ; the area of steam issue being so immeasurably out of proportion to[the2vast 
development of steam which ensues when a i^croidfl xrass of water touches &e heat- 
ing surface from which its heat is derived. 

Let us now trace out the consequences likely to result. The whole of the water 
is in the sphcroidal^state, and an explosion is imminent. Immediate contact between 
the water and the hoiler is cut off— the spheroidal water evaporates with difficulty— 
the engineer imagines this paucity of steam depends on too little fire — ^more fuel is, con- 
sequently, thrown into the furnace, and the hoiler continues to acquire more heat. 
Under these conditions, an explosion will almost infallibly he determined by one of 
two circumstances — ^namely, the sddden withdrawal of fuel, or the sudden addition of 
a jet of cold water to the boiler charge, either of which is attended with a diminution 
of temperature, the result of which has already been indicated. It was remarked, that 
virtually no difference of conditions existed betwee];^hc steam-engine hoiler, as I have 
assumed it, and the silver flask experiment just described. The justice of this state- 
ment will be at once seen from the following calculation : — 

Suppose, for the sake of example, the capacity of a steam boiler to be 100 quarts, 
gallqns, or any other assumable quantity. Suppose it only contains ten parts of water, 
whi^ water exists in the spheroidal state. SiQ^pose the temperature of the boiler to 
have risen to llk2‘’ Fah., or 1260*’ Fah., as it might under the conditions assumed, 
the temperature of the spheroidal water being only 205*6'* Fah. Suppose now a mass of 
cold water bo suddenly turned into the boiler, and sufficient* in amount to destroy the 
spheroidal state of the water previously existing there. At that moment there will be 
formed no less than mmteen thousaild measures of vapour, which, undergoing still 
further expapnon by contact with the sides of the boiler, will develop all but irresistible 
force. The explosion here assumed to take place may also be occasioned by sudden 
removal of the fire, or, as was the caje in the silver flask experiment, by the gradual 
cooling of the boiler, although, in practice, various eircui&tances contribute to 
dimimBh the probabilities of accident from the latter cause. Not only, as M . Boutigny 
justly remarks, is there danger from the 'pressure of steam in these cases, but also from 
the decomposirion of a portion of water, oxygen uniting with the iron of the boiler, 
and hydrogen being liberated. This result always ensues when water assumes the 
spheroidal condition in an iron vessel heated to incipient redness, or even a still lower 
temperature. 
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• 

Siif^posing the boiler to belong to a mariSie engine which cannot 1)6 stopped, 
tho precautionary meins would consist in maintaiiyng a powerM fire, and in- 
troducing to the boiler small charges of water at a time. • If tho phenomenon • 
manifests itself an land, then the engine should be at once stopped, a good fire 
; being kept up, and ihe boiler emptied of its water with all^ possible dispatch ; 

: finally, a current of *air should be driven through the boiler^for the purpose of 
; removing a cci'tain dbottnt of hydrogen gas which will always be found there 
I under the circumstances. 

I Preventim of steam-boiler explosions from this cause. — It will have been gathered, 
j from the coflsi^rptioi\ of previous remarks, that inequality of stoking, and inequality 
of water-supply arc amongst the causes determining tho spheroidicity of water in 
steam-engine boilers ; from which will be seen the importance of obviating these sources 
of danger, should they exist. Other means of safety may be deduced from a consider- 
ation of the following circumstances. * 

1. Ceteris parihusy^e facility with which liquid epherJidici^ is assumed, is pro- 
portionate with the smoothness of surface of polish of the heating solid. If is fof- 
tuimtc, then, that in tho ordimry* result of manufacture, steam-engine boiler plates arc 
never polished ; were they so, doubtless , their explosion would be a much more fre- 
quent occurrence than at present. Following out the idea of roughness, M. Boutigny 
refers the oflcct to tho existence of increased surface. He first thought of bristling the 
interior of steam boilers with points, but gave up the idea on account, of many 
insuperable objections : not to its theory, which is correct, but to its practice. Ulti- 
mately he was led to adopt a boiler divided into many compartments by metallic 
diaphragms. This kind of boiler has already been applied in practice ; it cannot be 
exploded by causes dependent on fluid spheroidicity, and seems, in other respects, to 
present many advantages. 

j 2. Ceteris paribus, the presence of soluble saline bodies diminishes the tendency to 
I spheroidicity ; or, perhaps, it nisjt^c more correct to say thpt the tcmpcratiure at 
! which spheroidicity ensues must be greater. Hence, ceteris panbus, marine engines 
; arc not so liable to suffer from this cause as land engines. 

i llelation of Caloric to the Sphezoldal State.— This part of the subject 
j resolves itself into an investigation of the following points : — 

j 1. The lowest de^ee of temperatuil! at which the phenomenon can occur. ! 

I 2. The law of evaporation in the spheroidal state. • | 

j 3. The temperature o^ bodies in the spheroidal condition, and tho temperature of ^ ' 

; their vapour. 

I 4. ‘Whether radiant caloric traverses the spheroids or is radiated from them, 

j 5. W'hethcr all bodies are susceptible of passing into tho spheroidal state, 

j G. Wlicthcr there bo contact between liquids in the spheroidal stat^and the sur- 

faces which gave rise to them. 

As regards the firif point, — ^thc lowest degree of teiipcrature at which the sphe- 
roidal condition can be assumed by water, — M. Boutigny has proved, contrary to the 
expressed opinions of many physycists, that luminous heat is unnecessaiy. lie has 
proved that as regards water on platinum, the phenomenon can manifest itself even at 
so low a degree as 171® Cent. = 339*8® Fah., although at this temperature the 
demonstration is attended with difficulties. For other substances the temperature 
varies, always being above their respective boiling points ; but according to no ratio 
yet discovered. 
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The law of eyaporation of water ind other liquids in the spheroidal oonditioa is 
this .‘—whatever the ordinary boiling point of a liquid may be,uts spheroidal evapora- 
, tion point is something less ; but the ratio of diminution has sDt yet been discovered. 
M. Boutigny has determined the evaporating point of Vater in the ^heroidal state to 
be SS'S” C. = 205*7° Fah, ; and the evaporating ppint under similar conditions of four 
other fluids os foUol^a:— 

c. F. 

tAbsolute alcohol . • . . / H- 75*5’ = + 1 j67*9° 

Oxide of ethyle . . . + 34*25° =: 93*65° 

Chloride of ethyle . . + 10*5° = 4* 14*9*^ • 

Sulphurous acid . — 10*5° = 4* 

«• 

•These respective temperatures at which spheroidal evaporation of each liquid 
t ensues are, ceteris par thus j invariable, notwithstanding any excess of temperature 
which may be impanC ed t^thc locating surface. 

« Does radiant heat traverse the spheroids, or is the heat reflected from them r 
In opposition to the opinions of philosophers who peecqded him, M. Boutigny a^pts 
the second hypothesis. His views are supported by the following experiments, and 
others of similar bearing : — ‘ 

If a capsule of platinum be heated to redness and a little water be dropped in, the 
water immediately assumes the spheroidal state. If now a small glass bulb containing 
a little water be immersed into the spheroid, the water will not boil, which it should 
have done*, had the radiant heat darted off from the red-hot platinum crucible per- 
meated the aqueous spheroid. The period of contact between the experimental bulb and 
tho spheroidal fluid may be longer idelayed, and, consequently, the result more conve- 
niently observed by using, instead of simple water, as the fluid to assume spheroidicity, 
a mixture of water and lamp-black, well incorporated. 

Perhaps, however, the most remarkable experiment in support of the hypothesis is 
this On heating a silver capsule, os alreudy described, and dropping in a little nitric 
acid, the latter immediately assumes the spheroidal state, in which condition — as will 
be hereafter shown — ^therc is no contact between the two, and hence no action. If 
now tho spheroid of nitric acid be caused to roll about over the surface of the capsule, 
the observer will notice that every part of sil^T, corresponding to its path, will glow 
■ more than the o^cr ports ; a result which seems to prove that^eat is reflected from 
; the under surface of the spheroid back again. 

I It is a remarkable fact in connexion with these expiriments, that particles of 
1 sand, fllings of metal, and other heavy substances, when thrown upon a spheroidal 
I mass of liquid, do not sink through it,«a8 would seem accordant with the laws of gra- 
j vitation* but envelop it. 

j Are all bodies susceptible of passing into tho spheroidal state ? Experiments 
I seem to answer this questionjn tho affirmative, although the facility of ftsanTniTig this 
j state for various bodies varies between wide limits. 

I Docs contact ensue between bodies in tho spheroidal state, and surfaces which 
! generated this condition? This question may be resolved in tho negative, by 
j a readily performed experiment, which, however, must toko place in a darkened 
; room : — 

! A lamina of polished silver, made convex in the slightest degree, only sufficient to 
prevent any liquid running off after being placed upon it, is heated to incipient redness 




by mefluia of an eolipile, or spirit blow-pipe, witn vertieal jet. A few dn^s of water 
aie now poured upon tbS boated plate. The water immediately assumes tbe spbeopoidal 
condition^ and can be proved to be absolutely separated fiom tiie heated sUm, by 
bolding a candle-fUuoie on tbe}leyel of the 

sUyer surface* as rep]^8ented by the dia- “ A 

gram. The candle-flanfe will be perfectly L \ 

eyident. The separatibn of the spheroid^ W 

liquid from its generating surfacejbcing 

thus rendered eyideid;, the cause of its f I 11 

separation reuftjps^o be determined. M, I V I l| I 

PouUlet adyances the opinion that the sepa- _|[ ■ ||i I 

ration is attributable to interposition of I 

vapour. M. Person agrees in this opi- * 

nion ; but M. Boutigny advances one of 

his own, which is supported by evidence so m • i 

powerful, that it is to me oonyincing. This — .ri,ni*aaj( I ' * 

philosopher attributes the sepasatidn to the 1 

repulsive agency of heat ; and he cites thp § — — 

following experiment as negativing the ® - - 

supposition that the spheroid is supported 

by the inteiposition of vapour. Instead of a platinum capsule, take a flat helix of 
platinum wire, and press it into the'capsular form. Hea^the hddx 
, by a spirit-lamp, and drop upon it a little alcohol. The liquid 
immediately assumes the coiu^tion of spheroidicity, and remains 
ff f I detached from the wires, as it wohld have done &om a solid capsule. 

Evidently no upward pressure of vapour— M. Boutigny arguee— 
can exist under the conditions specified, such vapour having free 
egress througb^^ spaces between each coil pf the wire. That it 
does so escape can bo demonstrated by setting fire to it underneath. 

A still more remarkable demonstration of the separation of bodies in the spheroidal 
state, from the generating surface, is afforded by the celebrated experiment of freeaing 
water in a red-hot platinum crucible, the discovery of which remarkable effect we§ as 
follows : — 

Liquid anhydrous sulphurous acid boils under ordinary circumtstanees at about 
14° Fail. M. Boutigny was desirous of studying this material under the condition of 
spheroidicity ; and, having poured a little into a ped-hot platinum crucible, he was sur- 
prised to find that occasionally the acid bocame opalescent. Eventually he discovered 
this to arise from moisture existing in the sufrounding atmosqdierc. He found the 
opalescent material to bo ice; and, by slightly altering the experinlbnt, he pro- 
duced ice in solid cakes. Instead of relying upon atmospheric moisture, he poured 
a few drops of water unon the spheroidal sulphurous acid. The water immediately 
froze. 

If a slightly-moistened hand bo plunged into molten iron, lead, or other metal, 
and withdrawn with moderate rapidity, not the slightest injury will be expe- 
rienced. Usually the natural moisture of the skin is sufficient; but, to ensure safety, 
the hoQd, previous to immersion, should be rubbed with a moist doth. The only pomts 
to he attended to in performing these experiments are to avoid dashing the hand into 
the molten mass, to be sure the latter be at a temperature greatly above its consoMdatmg 
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point, and to operate with short The experiment, though perfectly harmless, 

appears so £nghtful, that it is aome little time before even a philosopher can be induced 
to perform it. Nevertheless, there is reason to believe that fefits of a similar^ldnd have 
been performed at periods of very high antiquity. The impunity with which the act is 
performed follows {» the inevitable result of that law of spheroifiol fluidity which deter- 
mines an absolute ^paration between a body sufficiently heated, and moisture in its 
vicinity. The hand becomes invested with a Iryer of spheioidkl fluid, through which 
the heat cannot penetrate. ** 

Beseardies relative to the [^heroidal state may lead, as M Boutigny remarks, to 
the explanation, of many recorded miracles of the ancient and mi^dlcv ^g9s. Thus, in 
the year 241, Sapor, or Chapour, ordered the Magi to do all in tbeir power to bring 
back to the region of their fathers certain seceders. One of the liigh Priests of the 
ddininant religious order proposed that the truth^or falsehood ofv’the religious schism 
should be determined according to the result of a flery ordeal on his own person. He 
proposed that eighteen p(>^nds ef molten copper should bo poured upon his naked body ; 
^d tfiat if he came forth unscathed, the seceders should accept the miracle as a proof that 
their dogmas were false. The priest, we arc informed, submitted to the ordeal ; and not 
being in any degree injured, the seceders weye all converted. 

The marvellous Jnles of ordeals by Are during the middle ages — of incombustible 
men, who could run, unharmed, barefooted over glowing iron — ^who could plunge their 
han^ with impunity into molten iron or lead, and apply glowing iron to their tongues — 
are probably true. The feats seem miraculous ; yet the real miracle would be a con- 
trary result 

SpAcifle Caloxic- — Equal weights of the same body, at the same temperature, 
contain the same quantities of caloric. But equal weights of different bodies, at the 
same temperature, contain unequal quantities of caloric. The quantity of caloric which 
one body contains, compared with that contained in another, has been considered by 
Dr. Irvine and other^to be proportional to their heats^ a term employed, by him 
and by others, to denote the quantity of caloric which a body requires, in order to be 
heated a single degree, or through a certain number of degrees, relatively to that 
required by any other body to produce the same change. The method of determining 
the/peri/!c heat or specific caloric of different bodies is as follows :•» 

It has already been observed, that equalSreights of the s^ body, at different 
temperatures, gire, on admixture, the arithmetical mean. Thus, the temperature of a 
pint of hot water and a pint of cold, is, after mixture, very nearly half way between 
thiit of the two extremes. But this is not the case when equal quantities of different 
bodies, at different temperatures, are employed. 

(a). If a pint of quicksilver, at iffo® Fah., be mixed with a pint of water at 40®, 
the resulting^temperatare will not be 70® (the arithmetical mean), but only 60®. Here 
the quidbsLlver loses 40® of heat, which nevertheless raise the temperature of the water 
only 20® : in other words, a larger quantity of caloric is requuj()d to raise the tempera- 
ture of a pint of water than ftiat of a pint of mercuf^, through the same number of 
degrees. Hence it is infeired,,that water has a greater capacity for caloric than is 
izffierent ix)jQ)aicksilver. 

(/i). The experiment may be reversed by heating the water to a greater degree than 
the quicksilver; If the water be at 100®, and the mercury at 40®, the resulting tem- 
perature will be nearly 80® ; because the pint of hot water contains more caloxic than is 
necessary to raise the quicksilver to the arithmetical mean. 
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I PROPORTIONS OF CALORIC IN ^TER AND MERCURY. 

I (c). Lastly, if^c ta>^ two. measures of quicksilver to one of water, it is of no 
j consequence which is thp hotter ; for the resulting temperature is always the mean 
j between the two extremes ; for osample, 70% if the extremes be li0° and 40^ Here, 

; it is manifest, that %he same quantity of caloric, which makes one measure of water 
warmer by 30% is suffitjient for mal&ag two measures of quicksiVer warmer by the 
; same number. Quicks^Ter has, therefore, a less capacity than wat Jr for caloric, in the 
proportion, when ec^ual measures are taifen, of one to two. ^ 

If, instead ef equal of quicksilver and water, we had taken equal weights^ the 
disparity betjr<)^ the Ipecific caloric of the mercury and water would have been still 
greater. Thus, ft pdUnd of water at 100% mixed with a pound of mercury at 40°, ^ves 
a temperature of 97^°, or 27^ above the arithmetical mean. In this experiment, the 
water, being cooled from 100° to 97^% has lost a quantity of caloric reducing its 
temperature only 2^*^; but this caloric, communicated to the poimd of mercury, Bas , 
occasioned, in its temperature, a rise of no less than 57^°.^ Th^efore, a quantity of 
caloric, necessary to raise the temperature of a pound ot water 2}-°, is sufficient tq rais^ 
that of a pound tof mercury 57^^ > or, by the rule of proportion, the caloric which 
raises the temperature of a pound of water 1% will raise that of a pound of quicksilver 
about 23°. Hence it is inferred, that the « quantity of caloric contained in water is to 
that contained in the same weight of quicksilver as 23° to 1°. Or^ stating the caloric 
of water at 1% that of quicksilver will be ^ part of 1°, or 0*0436.* 

In a similar manner may the specific heats of other bodies be ascertained. If a 
pound of water at 100°, and the same weight of oil at 60°, be mixed, the. resulting 
temperature is not 76° (the mean), but 83^° ; the water, therefore, has lost only 161°, 
while the oil has gained 33^°. Or, if equal weights ^of water at 60% and oil at 100% be 
mixed, the resulting temperature is 66}% so that the oil has given out 33}° , and the 
water has increased only 16f°.t Hence the heat which raises a given weight of 
water 1°, wiU raise the same weight of oil 2° ; and, as the specific heats are inversely 
as the changes of temperature, tho'*^specific heat of water may bv called 1, and that of 
oil 0*5. 

In some instances, it is not possible intimately to mix together the bodies under 
examination. When the specific heat of a solid mass of metal is to be ascertained, it 
may be heated throughout to a certain, degree, and then surrounded by water o&32% 
observing the increatft of temperature which is gained by the water, and calculating 
the specific heat in the same manner as before. This was the method of WiLcke ; but 
Lavoisier and Laplace substituted ice for jvater, placing, by means of an apparatus 
called the Calorimeter, the heated body in the centre of a quantity of ice, and deter- 
mining the caloric evolved by the quantity of i(jp melted in each instance. 

When this comparison is extended to a great variety of bodies, they will be found 
to differ very considerably in their capacities for caloric. The result^ «f numerous 
experiments of this kind are comprised in a table of sfpecific caloric. 

The capacities of bsdies for caloric influence Sconsiderably the rate at which th^ 
axe heated and cooled. In gexieral, those bodies are most slowly heated, and cool 
most riowly, which have the greatest capacities for heatj Thus, if water and quick- 
silver be set in similar quantities, and at equal distances, before the fire, the quicksilTer 

* The abore nunben^ whitii ^Uflbr from those oommonly stated, are fitea oa the authoritj of 
Dr. Dalton. 

f Dr. Thomson's ** Chemistry,** vol. i. t See Martins on ^^Heat,** p. T4. 




198 


SPECIFIC HEA^ 


COMPAEBD -WITH ATOMS. 




will be much more ra^udly heated than the water ; and, on rfpLoval from the fire, it 
will cool with proportionally |^eater quickness than the water^ By ascertaining, then, 
the comparatire rates of oooling, we may determine, with tolerable exactness, the 
specific caloric of bodies. • 

It has been doubted whether the specific heats of bodies a^ permanent so long as 
they retain their ^rm; in other words, whether a quantityaOf heat, which raises a 
body through a certain number of degrees at ahy one temperature, ^will raise it through 
an equal number of degrees at other temperatures. This subject, to which Mr. Dalton 
had formerly turned his attention,* has been lately invicstigated morei by 

Petit and Dulong.f They heated the body to bo tried to theTrc^uii^d temperatures, 
and ascertained what number of degrees of heat it communicated ^ a certain quantity, 
of wHter. Eepeating these trials at various points of the thenj^ometric scale, they 
« found that the specific heats of bodies are greater at high than at low temperatures. 
Thus the ipecific hep.t o^ron was found to be as follows : — 


Cent^ade. Speoiflo heat. 

From 0 to 100*= . . . 0*1098 

„ 0 to 200° . . . . ^ 01150 

„ 0 to, 300° 0*1218 

„ 0 to 350° 0*1255 

The same law was found to extend to various other bodies, as is i^own by the 
following tabic : — 

Specific heats between Specific heats between 

^ 0° and 100® Cent. 0® and SOfi® Cent. 

Mercury 0*0330 .... 0.0350 

Zinc 0*0927 .... 0*1015 

Antimony .... 0*0507 .... 0*0549 
Klyw . . . O-OSer'T! . . . 0 0611 

Copper 0 0949 .... 0 1013 

llatinnm 0'0855 .... 0*0355 

Glass 0 1770 .... 0 1900 

t 


Another law. deduced by Petit and Dulong, from their roseafehes on heat, is, that 
the atoms of aXl smple hoHes have precisely the same specific heat. This, however, is to 
be considered, at present, merely in the light of an ingeniotA speculation, derived from 
a train of reasoning, a defect in any part of which must be fatal to tiie oonclusions.t 
In the following table, the specific heats of certain bodies, found by the method of 
Delaroche an^ Bdrard, Begnault, Kaumann, Delarivc, and Maroet, is giv^, together 
with Ihe weights of the atoms of those metals, and the prodnets of the specific heats 
and weights of atoms. 

If the preceding induction should prove to be correct,* the ehemist will be 
famished with another means of testing the accuracy of atomic weight for any 
given body. Indeed, this sort of calculation 1ms already been followed ; but much yet 
remsIttB to be piored as regards the original proportion before the results thns edneefd 
can be regarded as trustworthy. 

• « New Syctem,” i. 58. + « Ann. Philos,, »* nifi. 

% M BaMM^a^Motinee, in his *< New System;*^ roAM. p. 980. 
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* St^bstancc. 

Specific heat. 

ntomic 

weight. 

- a 

Prodnets. 

- ■ ■ ^ ■ • ■ * 

Oxygen gas * 

0‘2a61 

8 

1*8888. 

Hydrogen gas 

3*2936 

1 

3*2936 

Nitrogen gas • . . 

0-2764 

14 

3-8556 

Diamond* • 

0*1469 

6 

0*8814 

Graphite .* 

0*2019 

6 

1*2114 

Charooal 

0*2009 

6 

1*2054 


0-2415 

6 

1-4490 


0-2964 

6 

1-77W 

Phosphorus 

0-1887 

31*4 

5*9250 

Sulphur 

9*2020s 

16 

3*2416 

Selenium ....... 

0-0837 

40 

3*6480 

Iodine ...... . . 

0-0541 

126 

6*8186 

jftrominc 

0*1350 

78*4 

10*5840 

Tungsten . 

00364 

95 

3*4580 

Molybdenum 

0*0722 

48 

3*4656 

Manganese 

0*1441 

•27*6 

3*9772 

Arsenio 

0*0814 

75*2 

6*1213 

Antimony 

0*0508 

129 

6*6632 

Tellurium ....... 

0*0616 

64 

» 3*2960 

Bismuth 

0*0308 

106*4 

8*2771 

Zinc 

0*0956 

32*2 

3*0751 

Cadmium ^ 

0*0507 

55*8 

3*1639 

Tin 

0*0562 

59 

3*3158 

Lead 

0*0314 ■ 

103*8 

3*2593 

Iron 

0*1138 

27*2 

3*0954 

Cobalt j 

0*1070 

29*6 

3*1672 

Nickel 

0*1086 

29*6 

3.2146 

Copper 

0*0961 

31*8 

3*0242 

Mercury 

0-0333 

101*4 

3*3766 

Silver 

0*0570 

108.1 

6*1617 

Gold V • • 

0*0324 

199 

6*4476 

Platinum 

0*0324 

98*7 

3*1979 

Palladium 

00593 

§3*4 

3*1666 

Iridium 

a « 

0*0368 

98*7 

3*6322 


flpecifte Beat of OaeoE. — ^The dctennination of the ^ecific heat of gases is a 
difficult and important problem, which has ^succcssiyely employed the labour and 
ingenuity of Crawford, Lavoisier, and De la Place, Leslie, Gay Ljissac, Dalton, 
Belaroohe and Bdrard, Clement and Desormes, Dolarive and Marcet, Petit and Dulong, 
Hermann, Avogadro, Hegnault, Mayer, Bdekms^n, and others. 

Cjrawford began the investigation, and, after many unsuccessfiil attempts, adopted 
the fcdlowing method:— He procured two copper vessels, made extremely thin, and of 
the same size, shape, and weight. He filled one of those vessels with the gas under 
examination, prefvioasly deprived of moisture, and exhausted the other vessel by an 
air-pump. He next heated both vessels by plunging tiiem into boiling water, and than 
suddexdy immersed both in cylinders containing a quantity of cold wator, the Mio in 
each, just sufficient to cover them. The vessel, containing air or any gaa^ raked tho 
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temperature of the water surrounding it higher than the e^austed vessel ; and, sub- 
tracting the latter increase from the former, he considered the ^remainder as the effect 
« produced by the included gas, and as indicating its sj^ecific h8at. The res^^ts were 
esdiibited in a table, which it is unnecessary to insert, as they are now considered to be 
very remote from tlm truth, owing to the defects of the method/)f research employed 
by that ingenious pMosopher. * 

Lavoisier and Laplace, pursuing the same inquiry in a» different way, used their 
calorimeter, through which they passed a current of gas, by means ctf a serpentine tube, 
enveloped by ice. The gas was heated by passing it through, another serpentine, 
surrounded by boiling water, before it entered the calorimeter. ^ Ijierpioifieter, placed 
at each end of the serpentine of the calorimeter, measured the temperature of the gas, 
when it entered and when it came out of the instrument. This mod^ of experimenting 
is, however, scarcely less objectionable than that of Orawford ; and the calorimeter itself 
has since been proved to be liable to objections as a measurer of heat, which prevent 
the results obtained by its%ican 9 from being considered as more than loose approxima- 


tibns. * 


Mr. Leslie attempted the solution of the probleni b{' a method founded on ^hc 
following principle If into a large glass receiver, from which the atmospheric air has 
been partly exhausted, any gas be allowed to enter, the dilated air which the receiver 
contains wiU be coAdensed; and its temperature will be increased by a constant 
quantity, whatever may be the entering gas. But the gas which is admitted will absorb 
a part of this excess of heat, and the mixture will have a mean temperature between 
that of tho*entering gas and that which it would have acquired if it had not been 
obliged to part with a portion of its heat. Now it is evident that this mean tempera- 
ture will be so much the lower, the greater the specific heat of the gas which enters. 
From experiments made in this way, the inference seemed to follow that equal volumes 
of hydrogen and atmospheric air have the same specific heat. Analogous experiments, 
however, made by Gay Lussac, gave different resulted The last mentioned philosopher 
had recourse, therefore, to another mode of proceemng. It consisted in passing to the 
centre of a small reservoir, where a thermometer was placed, currents of two different 
gases, the one hot, the other cold. Knowing the temperature of the two gases before 
their mixture, and also that of the mixture, it was easy to infer tlie ratio of their 
specific heats. The numbers thus obtained do ifot differ very materially from those of 
Delaroche and Ber^xd. ^ 

To the last mentioned philosophers we are indebted for the joint production of an 
elaborate memoir, containing the results bf a set of experiments made with great 
patience and sagacity. To their essay (published in the 86ih volume of the “ Ann. dc 
Ohim.’* and in the 2nd volume of Thomson’s “ Annals,” 1813) is prefixed an excellent 
account of all ^at had been previously done on the same subject. They employed a 
calorimeter ; but instead of using ice, they surrounded the serpentine tube, five feet in 
length, with water of a given temperatjpe, and passed through it^a known quantity of 
^ of a given temperature (212‘’) in a uniform current. The quantity of water, and 
the capacity of the containing vessel for heat, were previously determined; and the 
apparatus had the necessary appendages for ascertaining, at any moment, the quantity 
of heated gas passed through the calorimeter, as well as the temperature of the water. 
In this way fach gas might be expected to impart heat to the water, in greater or less 
quantity, compared with other gases, and in proportion to its capacity. The following 
taUe ekhibits the results of experimenters on this subject 
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SPECIFIC HE.VT OF^ ELASTIC FLUIDS AT THE OHDINAIIY PRESSURE OF THE 
ATMOSPHERE. 


Specifio^eat. 
That of 

water = 1. air 


Oxygen gas 


Hydrogen gas 


Chlorine gas . , 
Nitrogen gas . . 


Aqueous vapour . 
Carbonic oxide gas 


I Carbonic acid gas . 


Sulphurous acid gas . 
Sulphureted hydrogen 
Hydrochloric acid gas 
Nitrous oxido gas • . 


Nitric oxide gas • . 
Axnmoniacal gas • . 
Cyanogen gas . . . 


RelatiTcheat. 


That of 
aff = 1. 

That of 
« air = 1. 

^Authorities. 

• 

1*0000 

1*0000 

Clement and Dcsormes 

- 

, 

Delaroche and Berard 


— 

Suermann 

0*7328 

0*8080 

Apjohn 

0*8848 

0*9765 

Delaroche and Berard 

’ 0*9028 

0*9954 

Suermann 

0*9069 

1*0000 

• 

Clement and Desoimes, 
• DHarive and Marcet^ 
Haycraft, Dulong 

9*6774 

0*6640 1 

Clement and Desormes 


12*3401 

14*423 

20*3191 

21*2064 

0*4074 

1*0318 

1*0293 

1*0751 

3*1360 

1*0263 

1*0239 

1*0802 


1*0340 
1*0000 
1*0665 
1*1750 
1*1960 
1*2220 
1*2583 
1*5000 
1*0000 
1*0000 
, 1*0000 
1*0000 
1*1229 
1*1600 
.1*1930 
•l*3603 
1*7000 
1*0000 
1*0000 
1*0680 
1*5310 
1*5530 
1*5309 


Bclaroche and Bbrard 
Delarive and Marcet, 
Haveraft, Dulong 
Suermann 
Apjohn 

Delarive and Marcet 
Delaroche and Berard 

Apjohn 

Delaroche and Berard 

Suermann 

Apjohn 

Delarive and Marcet, 
Dulong 

Delaroche and Berard 

Haycraft 

Suermann 

Dulong 

Apjohn 

Delarive and Marcet 
Delaroche and Bdrard 
Clement and I^sonnes 
Delarive and Marcet 


Suermann 

Dulong 

Apjohn 

Delaroche and Berard 
Delarive and Marcet 


Haveraft 
Dulong 

Delaroche ana^ward 
Delarive and Maroet 
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ALL GASES HA VI THE CAPACITY FOR HEAT. 

To the resultfl of Dclaroche and B4rard it has been objcctcjl by Mr. Haycraft* that 
they arc too dependent on calbulations and corrections, and that they were, in all cases, 
made on gases chared with moisture at an elevated temperature. He was,«thcreforc, 
induced to contrive an apparatus, and to execute a set of experiments, in which these 
sources of fallacy should be avoided. By these hb was led to roncludo ^hat all gases, 
simple as well as compound, have the same capacities for h(jat. This view, so far 
as respects pimple gases, had already been tfiiken by Petit and Dulong, from reason- 
ing founded on the facts of Delaroche and Berard ; but they do not appear to have 
thought of extending the laws to the compound gases. * , 

MM. Aug. Dolarive and F. Marcet,t whilst admitting full^' the merits of the 
researches of Dclaroche and Berard, are still of opinion that a fe;w sources of fallacy 
were not provided against by those philosophers, which arc sufficient to disturb the 
, accuracy of their results. MM.' Marcct and ^Delaiivo undertook, therefore, a new 
set of experiments, ;>nd ^tended them to fourteen different gases, all prepared with the 
;iitmofjt attention, and carefully" deprived of hygromctric moisture. The principle of 
their method was, to expose equal volumes of diffc^'cnt gases to a uniform source of 
heat, during the same interval of time, the volume of' gas being kept uniformly the 
same during the experiment. By the augmentation of elastic force in each gas, they 
judged of the tem^rature which it possessed at the end of the fixed period. This was 
easily deduced, by means of the law which connects the elastic force with the tem- 
perature of gases. It was found that all the gases were brought to the same temperature 
in the same interval, proving that they have all the same specific heat, with the single 
exception of hydrogen gas. This gas was heated of a centigrade degree higher than 
other gases under the same circunj^stanccs ; not, however, the authors apprehend, from 
any difference of capacity, but because, being a much better conductor than any of the 
rest, it is more quickly heated and cooled. From a review of their experiments, they 
consider, then, the following conclusions as legitimately deduciblc : — 

1. That under tbo same pressure, and with^qtTal and constant volumes (the elas- 
ticity alone varying), all gases have the same specific heat. 

2. That, all other circumstances remaining the same, the specific heat diminishes at 
the same time os the pressure, and equally for all the gases, according to a progression 
but*little convergent, and in a much less ratio ^an that of the pressures. 

3. That each gas has a different power of conducting heat. • 

Such have bicn the principal attempts to ascertain the specific heat of different 
gases, attempts which may be conBidcrcd«as having led tomo decisive results, partly 
from the extreme nicety and delicacy of the necessary manipulations, and partly, 
periiapB, from some defect in the principle of the several investigations. In cases where 
the quantity of matter submitted to experiment is so exceedingly minute ; where the 
changes of Umperature are so small and evanescent ; and where so many causes operate, 
which it is difficult to separate from each other, it is not surprising that the most saga- 
cious philosophers riionld have faileC to arrive at sound, or even similar, conclusions. 
The Buhjeqt .thenniay be considered as still open to further research, and will well 
reward whatever skill and labour may be bestowed upon it. 

The following epitome of the various means had recourse to for arriving at their 
results by the pMosdphers indicated by the preceding table, is taken from the Hand- 
book of Ohemistry,^ Gmdin,*’ English edition, vol i. p. 289 | 

'Wh$a .the bodies of diffarent temperatures and different capacities for heat ore 

* “Ann. deChim.etdeFhys.’*xxTi.298. t **Ann. deChim. etdoPhys.” xxxv. 5. 
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mixed together, the tciaperatiirc of the mixture is not the mean between the tempera- 
tures of the individual subtances. Equal weights of bodies, equally heated or equally ^ 
cooled, but of different capacities of heat, raise or lower the temperature of a given 
quantity of water through different numbers of degress, or they melt unequal quan- 
tities of ice at 0°. Sj^heres of equal £aze, and equally heated, bu{%f substanceshaving 
different capacities fqp: heat, require different times to cool toihe same point in tiie 
same medium ; th^ radiating power of the surihee being cither accounted for, or made 
the same in all. Gases inclosed in a manometer placed in a wanner medium, require 
different ti^os to produce in them the same amount of expansion by heat. The first 
of these methods *^as Adopted by Wilke, Crawford, Kirwan, Dalton, and Potter ; the 
second, by Delaro^hc and Bcrard, Avogadro, Naumann, and Regnault ; the third, parti- 
cularly, by Lavoisier and LaplacC;^ with their calorimeter; the fourth,' by Mayer, B^k- 
mann. Petit and Dulong, Hermann, Dolarive and Marcet ; the fifth, by Delarive an^ 
Marcet— for the determination of the specific heat of bodies^ 

After having investigated the specific heats of the different gases, MM. Ddarodl^c 
and Berard ascertained that the specific heat of any one gas, considered with respect to i 
its volume, au^ents with its density, but in a proportion less than the increase of 
density. On this subject MM. Clemftnt and Desormes have given the following 
results 



Under prea- 
snreofin. 
of mere. 

Specific 

heat. 


Under pi*es- 
sure of in. 
of mere. 

Specific 

heat 

Atmospheric air 
Ditto 

Ditto 

Ditto 

Ditto 

39-6 

29-84 

14-92 

7*44 

8*74 

1*215 

1-000 

0-693 

0-540 

0-36S 

Axotic gas 

Oxygen . 
Hyorogen. 
Carbonic acid : 

29*84 

29-84 

29-84 

29*84 

1-000 

1-000 

0'664 

1*500 
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ON ELECTMCITT. 

The science of Efectricity constitutes at this time so large, andfso important a branch 
of Natural Philosopffy, that entire treatises are ijcarcely sufficient for its exposition. It 
would be impossible, ^erefore, in a w6rk especially devoted to popvlar use, to furnish 
the student with more than a general summary of electrical faqta and theories. 

In doing this, it will be my object to direct especial attentmn^to ^thote points of 
electrical philosophy which bear more intimately than others upon its practical uses ; 
and if the questions at issue between electricians are more Bummarily disposed of than 
their importance seems to merit, this omission is to •be understood %in no disrespectful 
*sense, but in deference to the limits and the objects of this treatise ; and in considera- 
tion of the ekistence^of admirable special treatises on electricity, to which the reader 
who desires further informatioil respecting the laws of that science may refer. 

Definition of the Science*— The term ElcctSdicity is derived from i^XeicTjpoi^, 
amber, a substance which when rubbed with silk, flannel, &c., acquires the property of 
attracting light bodies, which property is due to afonction which philosophers have agreed 
to call dectricity^ and is frequently treated of as dependent on the electric fluid or fluids ; 
although no demonstration of the existence of such fluids has ever been offered, and, 
indeed, the assumption of such is rather at variance than otherwise with our present 
ideas concerning this mysterious agency. 

The attractive influence manifested by amber when rubbed, was known at very 
early periods, being mentioned by Theophrastus and Pliny. The commencement of 
electrical science, however, is of very recent date, inasmuch as this branch of philoso- 
phy is scarcely more than a century old at this time. The philosophers of 1750,*' 
remarks Professor De|arive,* ^*knew very little j^y ond that of the nature and pro- 
perties of electricity. .Who at that time could have supposed that meteorologj' would 
ere long discover in electricity the cause of the grand phenomena of the atmosphere ? 
that heat would borrow from it its most perfect instruments, and the means of mani- 
festing its [most important laws ? that tho molecular physics would have employed it 
for the purpose of penetrating into the intimate tonstitution of bo^es ; and would have 
caused it to concur with polarized light, in the manifestation of relations that exist 
between ponderable matters and imponderable ether ? that chemistry would have been 
indebted to it for the discovery of new elements, the formation of new compounds, its 
most powerful means of analysis and synthesis, and tho most satisfactoiy theories ? 

I that mineralogy and geology would, m a great measure, have found in it the explana- 
tion of the qjagin of their crystals and their strata ? that physiology would have 
deduced from it a more intimate knowledge of the forces that rule over animated 
matter, and the secret of acting oi^ such matter almost as li^ acts? that medicine 
would have discovered in it resources against maladies hitherto assumed to bo in- 
curable ? that the metaUurgic arts would have found in it new processes for extract- 
ing, mniildittg , and applying metals? that, finally, it would have fumiihed to 
a foToe as prompt as thought, equally independent of time and space— would 
have enabled intelligence to escape from its limited envelope to dart at pleasure with 
the rapidity of L'gktning into the most distant regions ?'* 

• Preface to his ** Treatifeon Electricity.’* 
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I Instead of stating the theories which, from time to time, have been ad(^ted for the 
! explanation of electrical phenomena, the more convenient method of study seems to be 
I foimde^on arepetitiofl of certain fundamental experiments, in accordance with which’ 
i every electrical theory must necessarily be framed. The development of electrical 
I energy from, amber by friction, haE^already been adverted to. THe next link in, the 
i chain of electrical defhonstration consists in showing that the piioperty in question is 
! not confined to ambei^ but may be accepted as pnivcrsal for all bodies. 

Dewelopmettt of ISlectxicity. — ^For the purpose of this experiment the most 
convenient form of ^lass to be employed is a tube, closed at both ends hermetically, 
and having jn^ex^m^ diameter of about an inch. If such a tube, perfectly dry, be 
rubbed with a piece of flannel, also perfectly dry, it will be found to have acquired attrac- 
tive properties siifiilar to those already referred to amber when similarly treated. For 
the purpose of te Jting the acquisition of these properties, only very simple apparatus 
is required. A feather, suspended by means of a silken thread ^white by preference), 
or a light ball of elder pith, similarly suspended, ebnstit^s a sufficient apparatus, 
which may be variously modified according to the ingenuity of the operator. If the 
glass tube, having been rubb^ as described, be caused to approach the suspended feather 
or pith-ball, either of these light substances will be found to be affected by a certain 
force, appearing to emanate from the tube ; in other words, the li^ht substance will be 
attracted towards the tube, with which it will come into contact, and to which it will 
adhere if tho string of suspension be sufficiently long. 

For a reason to be presently explained, it will be desirable to have several 
feathers or pith-balls suspended, wherewith to test the electrical force of different 
bodies. Glass then, liko amber, is capable of assuming, by foiction against certain sub- 
stances, the state denominated that of electrical excitement or excitation, as evidenced 
by its influence on a suspended light body, which evidence will henceforth be applied 
to determining the excitation or non-excitation of other bodies, which, when thus 
excited, are said to bo eUctriJied ’vr electrised. Such electrified, electrized, or excited 
condition, is ordinarily spoken of as owing to the development of electricity. Extending 
the frictional examination to other substances be^des glass and amber, the power of 
becoming electrically excited will soon be found to be very widely diffused. Kesin, 
pitch, sealing-wax, caoutchouc, sulphur, gutta-percha, and generally all bodies* com- 
monly termed resinqus, besides a grea^ variety of others, will be found to acquire, after 
friction,! the] power of attracting light bodies, and henco wiU be si^d, according to a 
limitation of terms alrea^ accepted, to be ^ an electrized or electrified state. Hence, 
too, such bodies, very early in the history of electrical science, received the denomination 
of electrics. 

r Are all suistanees electrics f — To arrive at an answer to this question is very important, 
and, therefore, a few experiments will be indicated, from the results oi* urMoh conclu- 
sions may be deduced. It will be readily seen, however, that the cause or source of 
electrical development with which we are new concemed—namely, ordinary fric- 
tion — necessarily limits our observations to the bodies wluEbh are in the condition of 
solidity. If, instead of a stick of glass or sealing-wax, or, in short, any of the sub- 
stances already assumed to have been employed, the experiment be varied by taking a 
rod of iron, brass, or any metal, not the slightest power of attraction will be evidenced 
on light bodies ; hence this experimmit, tnkau without limitation of othere, would 
seem to indicate a fundamental distinction in the quality of dectnoal exoitation for 
: different bodies. Supposing it already agreed to term glass, and all bodies which ac- 
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quire the power of attaraetum after friotion, electrics, then it would seem natural 
to call metals and all bodies net capable of electrical excitation* under similar eircum- 
* stances, Mon-s^riios. ^ Such, indeed, was a distinetiQn long recc^inised ; but it has no 
foundation in truth, as will be soon rendered appar&t. If, instead of holding the 
metallic bar, whilstftinder friction, by the hand, ihbe held by th^ intenreqUon of glass, 
or sealing-wax, or i% short any of the substances to which the appellation electrics was 
formerly applied, then a totally different result will bo the^-coitiequence. The metal 
now attracts &e light body, just as glass or sealing-wax would haye done ; oonsequently 
it is not true to say that metals cannot be excited electrically byf&iction. The discre- 
pancy most be referred to some other cause. This cause is 4^qptl3;, tainted to the 
function explained in the next paragraph. ' 

Can tho JEleoirieal Injluenei be Conveyed Away f — ^For the purposb of arriving at a 
jufisfactory answer to ^s question, tho followinj^^ experiment may be performed 

^ A bar of metal (B) being suspended 

„ by BUk strings, and the excited glass 

wmmam ptmmSB tube {t) brought into contact with 

one extremity of this bar, the otiher 
extremity will be found to have 
^ acquired the power of attracting the 

pith hall (p) in the same manner as 
, ^ ^ ^ the tube (i) itself would have done ; 

O oonsequenlly, the electrical influence 

® (whatever tibat influence may he) 

^ must have passed through tho whole 

length of the metallic bar. Ec- 
peating the experiment, with the 
substitution of various solids for the metallic bar, the general problem, whether any 
solid be or be not a conductor of electricity, mayJ>j;^8olvod; subject, however, to tho 
reservation, that possibly great differences of conducting power maybe regarded as 
absolute qualitative differences, owipp to the imperfection of our experimental pro- 
cesses. In other words, that whicn is ordinarily termed electrical non-conduction 
may,«within tho limits of the experiment detailed, bo nothing more than slow con- 
duction : this, indeed, is demonstrated to be l^e fact. Nevertheless, the division of 
bodies into elcctKcal conduotors and dectrical non-oonduotors is a good practical 
classiflcation, and therefore still retained. 

, The appended table shows the relation subsisting, in wie respect, between the 
bodies mentioned 
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All the metals. 
WeU-bumt carbon. 
Plumbago. 
Concentrated acids. 
Dilute acids. 

Saline Aolutions. 
Metallic ores. 
Animal fluids. 

Sea water. 


Spring prater. 

Rain water. 

Ice above 13® Pah. 
Snow. 

Living ve^^tables. 
Living animals. 
Flame. 

Smoke. 


Vapour. 

Salt#8oluble in water. 
Karefiod air. 

Vapour of alcohol. 

„ of other^ 

Earths and moist rooks. 
Powdered glass. 
Flowers of sulphur. 
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INSULATING BODIES^ PLACED IN THE OBDEH OP THi!hl INSULATING FACULTY. 

Diy metallic oxides. Comphor. Dyed silk. 

Oils] (the heaviest ^e the Some siliclous and argil- White silk. 

best). « laccofis stones. Ravr silk. 

Ashes of vegetable bodies. Dry marble. Tranappyent precious stones. 

Ashes of bodies.'* » Porcclain.gi The diamond. 

Manx dry transpv'cnt Dry vegetable bodies. Mica. ^ 

ci^tals. Wood that has been strongly All vitrifactions. 

Ice below 13* ^ah. heated. Glass. 

Phosphorus. * Dry gases, and air. Jet. 

Lime. Leather. Wax. 

Dry chalk. *• Parchment. Sulphur. 

Native carbonate of h{ir 3 ’ta. Dry paper. The resins. 

Lycopodium. Piathors. Amber. 

Caoutchouc. Hair, wool. ^ ' G«^m ?ac. 

Giitta pcrcha is one of the moat perfect insulators, but its exact place in the above 
tabl^i is yet undetermined. 

The reason will now he evident why brass, iron, and metallic rods generally could 
not manifest the power of attracting light bodies. Being good elecJtrical conductors, 
the influence was no sooner developed than it passed through the whole length of the 
bar, through the hand and arm, finally to the earth. It is strange that so Qj)viou8 an 
(explanation of the non-excitability of electric conductors, when held immediately by 
the hand, was reseiTcd for philosophers of the last few years to offer, especially seeing 
that electricians more than a century ago were conversant with the fact that certain 
bodies are conductors of electricity, and othem non-conductors: indeed, without a 
practical application of this fact, it would have been impossible to produce artificially 
any electrical phenomena. 

The simple experiments already given are sufficient 
to demonstrate two fundamental qualities of tho electric 
influence — ^namely, conduction and attraction. Before, 
however, proceeding to another part of the investiga- 
tion, it will be desirable to embody -'the principles 
already deduced in Ihe formation of certain instru- 
ments having for their obi^t more precise demonstra- 
tions than tho simple expedients already trea&!(k of. 

For the performance of class-room experiments, 
pith balls are inconveniently small ; their place may 
advantageously be supplied by other simple expedients,* 
amongst tho most effective of which arc the fol- 
lowing:— ■ , 

1. Two hoops m^ be made of thin card, or 
paper, and one hoop being thrust through the other, 
in such manner that their planes cut each other 
mutually at right angles, the whole may be secured 
from slipping by means of a little adhesive sub- 
stance, or a needle-stitch ; and being thus secured, may be suspended thd^ 

manner of the pith ball. 
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2. Instead of two hoops, one may be made considerably wider than the former, and 
being placed on a table, may be caused to ’ 

rotate under the attraction of an excited ^ ^ 

3. A very elegiAt means of demonstrating ■'( llfv. | 

electric attraction in the large scale, consists 

of a thin b^ of gold-bbater*s dtin, <or thin • J 

internal membrane of a turkey's crop, gilt. 

Such are the principal instruments by 
which electrical attraction, and another ' % ' * 

modification of force, presently to bo treated of (repulsion), can be demonstrated on 
“^e largo scale. A thousand other forms will readily suggest* themselves to the 
H student ; indeed, the principles of electric attraction Qnd rep^sion have been adopted 
in the formation o( mere toys, to , mention which at this time would only interfere 
^Avith^ho sequence of deductions by which I am desirous of leading the student to an 
acquaintance with the laws of electrical philosophy.. 

Is the eUetrie injlitenee ideiitical^ from whatever bod§ developed^ — ^Whether friction 
be applied to glass, sealing-wax, or, in short, any possible substance, the electrical 
excitation resulting is found to agree in the one general respect of attracting light 
bodies ; hence, thus far evidence seems in favour of the supposition, that, from what- 
ever source developed, electricity is of the same quality. A few simple experiments 
will demonstrate, however, the fallacy of this hypothesis. 

Experiment 1. Repeating the experiment with the suspended pith ball, the observer 
will notice that, although it bo firpt attracted towards the excited bar, yet after coming 
in contact with the latter, the motive impulse is suddenly reversed, and the pith ball 
is repelled in such a manner that if the same excited substance be still further excited, 
the pith ball will, on the approach of the latter, bo still more strongly repelled. 
Hence we arrive at *010 conclusion, that under^ertain conditions, to be hereafter 
scrutinized, electricity exercises a repulsive as well as an attractive force. 

Experiment 2. Instead of one pith ball let two be now suspended by means of two 
silk filaments from any convenient support, and let any 

n excited substance^be brought near to them. Under these 
circumstances bo3i the pith balls wiV. be attracted towards 
the excited substance, will come in contact with it, will 
be repelled, (Ond finally will icpel each other, as repre- 
/ I sented in ^e accompanying diagram. From whatever 

! / \ source the electricity be developed the same result will 

I ^ \ ensue ; a pair of pith balls, after being brought into con- 

.* ' \ tact with the excited body, will repel each other. 

^ Q, Experiment 3. Supposing a pair of pith balls to have 
been stfi)jccted to the influence ofi excited glass, and that 
j I they arc yet divergent, let them now be touched with a 

piece of excited sealing-wax, or other resinous body, they 
. will immediately tend to collapse ; and if the electrical 

force of the excited resinous body be exactly proportioned 
to the force of the electricity ftom glass, and if the contact between the excited body 
and dl^ith balls be not prolonged for too great a period, the pith balls wiU remain 
coUajj^d, thus leading to the inference that the force resulting from tho electricity of 
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glass and yitreous bodies is opposed in suck a manner to the electricity from reflin and 
resinous bodies, that t£e two kinds of electricity counteract each other, and produce 
neutrally. Hence arises the idea of electricity as a dual forOc; and no theory of 
electricity which, does not recognize this duality under some form of manifestation 
can satisfy the conditions whieh a study of electrical phenomena xa^es known. 

Still omitting the consideration of all electrical theory, and paying attention to 
facts alone, as deduced from experiment, it will be now desirable to apply the know- 
ledpe already acquired to the construction of certain forms of apparatus,” by means of 
which our sphere of i5iformation as regards electric manifestations may be enlarged. 

It has Ixseh^cdqced from previous experiments that electricity from any one source 
is repulsive to itself, or, at any rate, imparts repulsive qualities to conducting bodies 
i into the substance of which it has been conveyed. Consequently, wo are furnished 
I with a ready theorodcal means of Ascertaining whether the unknown electricity frdBi 
I a second source be similar or dissimilar to the electricity from a first or known ' 


Thus, it has been already explained that the tw 9 pith balls—still divergent from 
the^^ffects of electricity of gl‘\ss~are caused to collapse by the influence of electricity 
from resin. Hence, if we denominate ^ectricity similar to that from glass, vitreouSf 
and eleetricity similar to that from resin, resinousy — ^then it follows that an unknown 
electricity which causes the collapse of two pith balls, already ^vergent from the 
effects of vitreous electricity, must be the opposite of vitreous ; that is to say, must be 
resinous electricity, and vice versa. It appears, therefore, that whatever iqay be the 
causo*of the duality of electric force— a duality which has been by some termed positive 
and mgaimy by others vitreous and resinousy but which, for present purposes, and to 
avoid theoretical considerations, may be denominated A and H — ^the question whether 
the electricity belong to A or B, may readily be determined by studying its influence on 
pith balls or their equivalents. This leads us to the consideration of certain impor- 
tant forms of electrical apparatus. 

The Gold-leaf Electxometex. — ^This important instrument is in constant re- 
quisition by the electrical experimentalist, for the purpose of ascertaining the presence 
of electricity and estimating its kind. It coasts of a 

metallic plate, «, communicating by a metallic stem ^ 

with two sheets of leaf-gold, g and g\ inclosed in a 
glass vessel, for the double purpose of protecting the 

gold-leaf from rough mechanical injuries, and with- l \ I 

drawing it from the intcnerencc of atmospheric cur- f I 

rents, which would destroy the accuracy of the results* I A 

A consideration of what has been stated in reference to I / \ 

the suspended pith balls, will render the nature of the I / ' \ 

gold-leaf electrometer evident. If an electrically ex- I ^ ^ 

cited body— a stick of g^s or sealing-wax, for jns^ce 

—be brought into contact with the metallic plate 0, it 

follows that the two gold leaves g and / must diverge ; 

thus indicating the general presence of developed 

electricity. If these leaves, already divergent from the effects of a known elec- ! 
tricity, be rendered convergent by electricity previouriy unknown, then this second 
electricity is demonstrated to be of the opposite kind to that developed frrom ; is 
demonstrated to be electricity B, supposing that from glass to be called el^Mricity 
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mo THB GOLD-LEAF ELECTROMETER. 

A. lienee this gold-loaf electrometer is evidently on instrument of great use in 
ercctrical determinations. This instrument was invented by l&r. Bennett ; hence the 
name of Bennett’s goid-leaf electrometer is frequently given to iv. Another ins^ment, 
founded on an application of the same law, is the tomion electrometer of Coulomb. 
It consists of a thii^^needle of glass or shellac, suspended horizontally by means of a 
natural filament of i^lk as it comes fh)m the cocoon ; or by a fine metallic wire. This 
instrument is protected from oztomal varying ernses by insertioh in a glass vessel, and 
the method of using it will appear from the following description 

In the gold-leaf electrometer both leaves are free to move, aaid they move accord- 
ingly in obedience to the electrical force impressed. In the to;rsiQn eje^tiometer cir- 
enmstanoes differ : the horizontal needle of shellac, carrying at one extremity a pitch ball, 
is alone free to move ; and the indications of the instrument are dofived from noticing 
the extent to which the pith ball has been deflected from the 
^ conducting ball, to which the excited substance under exami- 
nation has been applied. The counteracting force to electrical 
repulsion fin the gold-leaf electrometer is gravity. Whilst elec- 
trically neutral, the gold leaves> remain in close contact,,, on 
account of their own yroight ; but when excited they separate 
more or less, according as tho electrical force brought into play 
is greater or less than their own gravitating force. Hence, 
ceierts paribus, the angle of divergence of the gold leaves should 
bear a constant relation to tho amount of electrical force. In 
the torsion electrometer the counteracting force to electricity, 
and in terms of which the latter is measured, is torsion. The 
filament of silk or wire being secured at its upper extremity, 
this arrangement only permits the rotation of tho needle of 
shellac by twisting. Were it absolutely unyielding, the indi- 
k eating needle could not q[^QSc ; but yielding as it does under 
torsion, the force of torsion thus becomes a representative of 
the force of electricity; and the gloss case being graduated, 
the angle of divergence can easily be read off. It will be seen from this desorip- 
tiomthat the torsion electrometer is a more precise instrument than the gold-leaf 
electrometer ; the latter cmly enabling the e^djj^rimentalist to jij[dge as to the size of 
the angle of diVbrgence by rough ocular estimation. In point of fact, the term elec- 
trometer, or ehciriciiy measurer, in strict^language only applies to the torsion instru- 
ment, the other being, more properly speaking, an electroscope ; and here it may be 
desirable to mention, what will bo^demonstrated further on, that the term measurement 
of electricity requires limitation before it can be used with precision in tho language 
of this scicn«^. Electricity admits of measurement as to its tension or intensity, or as 
to its quantity: the instruments alrcady'described only measure the former quality. 
The distinction between electrical ^tensity and quantity is qpe which requires to bo 
I early recognized by an inquirer in'this field of science. Certain functions are distinctly 
I referable to the first, whilst other functions are as directly referable to the second ; it 
will be desirable, therefore, to create in the mind some palpable analogy to which 
^ese two phases of dlectrical manifestations may be referred. Professor Ohm has 
reduced the expressionB to a mathematical formula, which will be given hereafter; 
j meantime it will fhciHtate present^ investigation into the nature of electrici^ if the 
‘ following rough anidogies be adopted. 
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The tension or intinsity of electricity may be roug^y assimilated to the premre 
exercised by gunpowder inflamed as a gun-charge, and the quantity of elcctricE^tn* 
gimpowder inflamed loosely. ][^recting the mind into this channel of analogy, it will 
be seen that a gi^bn quantity, for instance twenty grains, of gunpowder rammed iato 
a pistol wouid, on bedng inflamedj^ give rise to certain markeef indications ; them 
would be great pressm^ exerted on the internal sides of the pisft)l barrel ; a huliet, 
supposing one to be superimposed on fhe gunpowder, would be propelled^ and the act 
of inflammation woiuld be accompanied by a loud sound. Here, then, is one series of 
effects produq^d by ^mpowder under cme set of circumstances ; and the energy of 
these effects mty be estimated in two ways. It may be estimated by noticing the 
distance to which a bullet is propelled by a given charge of powder ; by noticing the 
amount of recoil, as measured by ^ graduated circular arc, — and in this way is tbe 
strength of a gun-charge estimated in practice. If we now suppose an equal weight • 
of gunpowder (twenty grains) to be loosely spread over a tab]^, aad inflamed, we have 
no longer an indication of its force by the tests already employed. The inflamiftatkm 
is accompanied by no report, no pglpable recoil ; and if wo suppose the layer of gon- 
powHer to be indefinitely spresfh out, and the observer’s eye to be limited to a field of 
vision indefinitely small, then it is possible to assume that the gunpowder might 
inflame unnoticed, although, by having recourse to another specie^ of investigation, 
the actual quantity of gunpowder might readily be determined. This general analog 
will, perhaps, aid the student in acquiring a true idea of the difference between elec- 
trical quantity and dcctrical intensity. The gold leaf and the torsion instrflment arc 
both restricted to affording indications of tension or intensity. 

Can Eltctricity be developed otherwise than by frietionf-^'By means of the two 
instruments already described, this point will be 
rcadUy determined, and certain truths of electrical 
philosophy will be found to aggregate themselves 
into broad generalizations. * 

Experiment 4, Upon the plate of a gold-leaf 
electrometer lay a metallic capsule containing water, 
and into the latter drop a piece of ignited charcoal. 

The gold leaves will immediately diverge, proving 
the development of electricity. In this case there 
appears no doubt, on the first aspect of the case, that 
the electrical excitement bteught about is du« to the 
evaporation of water. By some, however, this 
hypothesis is rejected, and the result is attributed to 
chemical action ensuing between the vessel and the 
water, or matters contained in the water. Such an 
opinion is advocated by Pouillet,* who states, that if 
a vessel^of platinum be employed (a metal on whi^ 
water exerts no chemical agency), and certain precautions against error bo taken, then 
no electrical disturbance occurs. The objection thus raised is most important, as 
between the questions whether evaporation, per se, be a source of electricity,, or the 
contrary ; but it has no bearing upon the question at this time proposed for^deter- 
mination. Whatever may bo the source of electricity in this case, frietion^aesuxodly 

* ** Ann. de Chim. ot de XXXV. 401 i and xxxvi. 5. 
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is not; and this alone is sought to be determined by the experiment under con- 
t sideration. ^ ^ 

Perhaps no experiment so unequivocal as that just, described could be performed 
with the same object in view. The general demonstration of thd proposition that 
Motion is not the ftnly cause of electrical excitement, is sufGickntly easy ; but when 
investigation is matte as to the exact nature of the non-frictipnal excitements, then 
.difGiciilties present themselves which no ingeiluity has yef been able to master, and 
which prevent our arriving at certain determinations relative to important primary 
laws. Thus, for instance, it will be seen hereafter, that philosojlhers w^re long unde- 
termined as to the primary cause of electrical development from*voitai« arrangements ; 
indeed, it would be, perhaps, scarcely correct to say that the question is resolved defi- 
nifdvely, even at the present time. The question at issue was, whether certain 
* dissimilar metals — especially zinc and copper — do or* do not suffer mutual electric 
disturbance "when bn^ugV. into ^contact. Apparently, nothing is more easy than the 
solutibn of this question. The gold-leaf electrometer would seem to furnish us with 
the means ; but the difficulty which cannot be overcome is this : the impossibility of 
bringing into contact, and separating two metals, without exercising a certain amffiint 
of friction. These remarks are offered for th(f purpose of showing the extreme delicacy 
necessary in conducting electrical experiments, the difficulties with which these’experi- 
ments are beset, and the care with which incorrect deductions should be guarded against. 

Cm one kind of Electricity he developed without the other -Hitherto, for the sake of 
simplicity) it has been assumed that only one body in each experiment has been 
subjected to the preliminary treatment to which electrical excitation is referable. A 
slight amount of reflection, however, will show this assumption to bo incorrect. In 
all the experiments detailed there has been a duality of preliminary agency. Thus, if 
a glass tube be submitted to friction, then, strictly speaking, two substances are 
rubbed, not one; moreover, the distinction between the rubber and the substance 
rubbed is merely conventional. In strict philosophical language both are equally 
rubbed ; consequently, if it be desired to recognise tho total consequences of such 
friction, not only must the glass tube be submitted to examination, but the flannel or 
silk wherewith friction was exercised. 

Supposing it be desired to ascertain the pr^ence of electricity on the rubber, to use 
k conventional^ term, as well as on the material rubbed, soiLe precautions, easily 
deducible from previous considerations, will be necessary. Tho question, however, 
may be resolved as follows Let a cylindrical portion of flannel, /, be adapted to the 

glass tube tj as represented in 
the woodcut ; and, in order to 
restrict the area of friclion 
within definite limits, let the 
glass be rotated instead of moved forwards and backwards. If tho glass tube 
thus rubbed bo caused to approach a gold-leaf elcctrometer,athe leaves will diverge, 
as we have seen. If now, instead of one electrometer, wo employ two — one for 
testing the glass, the second for testing the flannel — Ihen divergence of the gold 
leaves of the second instrument will al^ result, proving that both glass and 
flaund have been electrically excited. It remains, therefore, to determine whether 
they have been excited by similar or different kinds of electricity. Now it has 
been already demonstrated thaf tho two kinds of electricity are mutually attrac- 
tive and mutually neutralizing ; consequently, if two bodies be electrically excited, 
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one giving rise to a jepnlsion between two light substances— which repulsion the i 
other neutralizes— the second body is differently elect£fied to the first Supposing, | 
therefor#, the two cldbtroscopes to be still divergent, and th^ frictional operation * 
repeated,— if the fianpel be now caused to touch the instrument formerly touched by 
the glass, and vice vera^ the gold leaf of both instruments will imQiediately collapse. 

These experiments uhow that, in the*case under examination, #)ne kind of dectri- 
city cannot be developed vfithout the other ; ai;,d the same may be easily proved, for 
every case of frictional excitement may be extended experimentally over a vast field of 
inquiry, and carriedefurther by analogical reasoning, so as to satisfy all cases of 
electrical rdlatitn whatever. The proposition of double development is easily proved 
for the case of evaporation, already cited, in the following manner : — 

Let the vapoul arising from the evaporating water be made to impinge against a | 
metallic disc, d, sitifiited abovejit, and communicating by a bent metallic stem, ending 
a metalbc foot, with the plate of a second 
gold-leaf electrometer. Matters being thus 
adjusted, the gold leaf of both cjectrome- 
terswiU be found to diverge; and now, 
on establishing a metallic connection be- 
tween the two plates of the electrometers, 
both pairs of gold leaf will immediately 
collapse, showing that the electricities are 
of different kinds. The experiment proves 
something more, which will be specially 
demonstrated in the next paragraph. Per- 
haps it is unnecessary to point out, that in 
establishing metallic connection between 
the two electrometer plates, it is necessary 
that the metallic conductor should be 
<< insulated,’* as the condition is termed 
held not immediately by the hand, which is an electrical conductor, but by the 
intermediation of a non-conducting material, such as glass, shellac, sealing-wax, &c. 

Are the Slectridtiea devehped proportiomU or is one kind ever in excess 
question has already been resolved, foif one specific case, by the last experiment; the 
following method, however, wUl render the demonstration still moilo clear. Taking 
the glass tube with its cylindrical flannel x^ibbcr, as already described, let iiiction be 
exercised as before ; then let both flannel and rubber be brought in contact with the 
plate of a gold-leaf electrometer. Kot the slightest divergence will take place, if care 
have been taken not to extend the frictional area beyond the edges of the flannel 
cylinder. This experiment proves, for the case under consideration, ^iftdhe two kinds 
of dectricity ore developed in exact proportion ; and the same may be demonstrated for 
all'^kinds of electric^ excitation whatever. 4^ deeper consideration of the truth 
embodied in the proposition that the two kinds of electrical force are mutually pro- 
portional, leads to the most subtle branch of electrical philosophy — the so-called state of 
electrical induction; the nature of whi(h will, it is trusted, be rendered evident by the 
course of investigation about to be adopted. It has been said that one kind of electri- 
city cannot bo alone developed, neither can it exist cdone when developed— e, lemombrance 
of which proposition will remove the difficulties attendant upon a just comprehenaibfl 
of what is called the induced deetridiy. 
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Bat if eleGtridty casaot ezifit alone, w)i«t explanation is ^ ba gi^en of tbefol- 
,linriag experiment? Anmtalitlic ball, insnlated by means of a rillc oord, is touehed 
jssmal times in suclijessieii by a piece of g^s, electrically exbited. Under ^beae oir- 
eumstaaoes the metallic hall Incomes cbsTged with tbie electric^ of glasa, as may be 
dcamnstrated by bi^liging into contact with it a little disc of gilt j^aper— also insidated— 
nmoving the plane^y means of its insulating stand, and bringii^ it into eontaet with 
the plate of an electrometer. The gol^ leaves iinstandy di^‘er|^ proving the aooumu- 
lafion, of electricity in the metallic ball. 

How can it be said, then, that one kind of electricity is iaicapahle of a separate 
iexistence ? Is not the metallic ball electrified ? On this point^t AS d^sble to have 
the most precise notions, otherwise the so-callod function of electrical induotioa will 
lead hereafter to interminable difficulties. 

^ 33ie fallacy in which the inquirer is likely to Ke involved whda contemplating the 
bearings of this cx]^rimcnt, results from considering the metallic ball as isolated in 
every pense from surroun£ng bd'dics. Such isolation, however, is impossible, not only 
when practically considered, but theoretically also. Bven were it sclf>supportod, with- 
out any aid of the cord, it would not be isolated. Even if the air were removed, it would 
not be isolated. Even if our globe, atmospboj^, and all were annihilated, and the brass 
ball left a minute asteroid in its place, the ball would still not be isolated, for it would 
stiU maintain relations with other masses in space. In contemplating, therefore, the 
condition of the suspended brass ball, it must be regarded in relation to aurnnmduig 
matter. The necessity for a dual investigatidn is equally great in this case, ns when 
it was proposed to examine the electrical disturbance resulting from the friction of 
glass and flannel. Before the proposition can be accepted, that one kind of electricity 
exists in the metallic boll alone, it will be necessary to examine the condition of the 
atmosphere around the objects in the vicinity, not forgetting to enumerate amongst the 
latter, the operator himself. If this investigation be carried out, the general proposition 
will be found to hold good, that the suspended metallic hall has disturbed the electric 
equilibrium of surrounding bodies to a state propoitionate with its own degree of exci- 
tation ; and the electrical charge which the metallic ball can retain wiU ceteris paribus 
be proportionate to the nature and the number of material particles in its vicinity. 
Toxender this proposition more evident, two metallic balls may now be suspended, or, 

better still, fqr reasons which will 
appear hereafter, two metallic 
cylinde|[p, with spheroidal ends, as 
represented in the accompanying 
diagram. The cylinders may be 
suspended, each by two silken 
threads, or, what is still more con- 
venient in practice, they may be 
supported ^(stch on a glass stand; 
and for the purpose of indicating 
the presence of electricity, eacdi 
cylinder may be supplied with two 
pairs of pith balls, one for cither 
end, ;and attached as repnesented 
in the diagram. The strings by which the pith balls are su^nded m thib case must 
be of thread, or other conducting material, because it is desired that electrioilyshould 
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pau along them. P|cmded the two cylinders are s^arated fiam each ather a 
proper extent, which practice alone can determine, the following result will ooaw 
On directly electrifyiAg one o| the cylinders by contact, the oCher will become elec- 
trified also, as indicated by the divergence of the attached pith balls. 

At first it might Im inferred thaA direct transference of electriCftty from one cylinder 
to the other had taken place ; but this idea is readily di^^ved b^aremoving the eeoond | 
cylinder, when the pith A>all 8 attached to 
it will at onco collapse. To what then was 
the electrical excitatibn attributable which 
it manifesfed whilst standing near die ad- 
jacent cylinder ? The excitation is attri- 
butable to the exercise of a function already 
conveyed in the proposition ju^ laid down. 

The first cylinder is only able to main- 
tain its electricity, A, by developing a pro- 
portionate amount of electrici|y, B, in 
ai^'accnt bodies. So long as*the cylinder 
was alone, the second, or B, function 
of electric duality was scattered, to use 
the expression, indefinitely around (it is 
represented by the diagram affecting the 
air and the table) ; but immediately a second cylinder was placed ncai^ the A and 
B powers of electricity became distributed, os represented in the accompanying 

diagram. 

That such an arrangement 
of electrical force really takes 
place may be demonstrated by 
a ver3fSaimpl6 experiment. If 
the proposition just laid down 
be true, there should exist a 
mesial line, m tn, in each 
cylinder, devoid of all electri- 
cal power. That such really 
is Ihe case* may be demon- 
strated by fixing a pair of pith 
balls at this line, imdcr which circumstance *no repulsion of the balls should take place, 
if the exact mesial line be selected. In practice, this exact selection is scarcely possible ; 
nevertheless, a sufficiently near approximation may be arrived at to demonstrate the 
general soundness of the law. Moreover, it may be farther demonstrated that in the 
' two cylinders placed as described, the A function and the B function of electricity arc 
distributed, as repres^ted in the diagram, by miens of an insulated carrier plane of gilt 
paper and a delicate electrometer. The terms carrier plane and carrier ball will be 
frequently employed^ A carrier plane consists of a gilt-paper circular disc, about two 
inobes'in diameter, insulated by a band of shellac ; a carrier ball is a ball of bruijor 
other metal, suspended by a silken string. (See two diagrams on next page). 

It is evident that any conventional sign may be employed in the designation 
the two electrical functions. 1 have taken the letters A and B. Instead of ihooe ' 
Mten^ihe plus and minus, algebraic signs (-+■) and (■—), are generally employed, and d 
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have merdy avoided them because of their association vrith^ a particular electrical 
, iheoiy-^namely, that of Franklin, according to which it is assumed that the two 
electric functions stand to ^ch othe^ in 
a relation parallel to heat with cold ; 
that is to say, that ond is a mere condi- 
tion of absence of the other. ^ 

Slectilcal lifdiictions.r^nndcr 
this denomination was formerly ex- 
pressed the state of electrical excitemdut 
developed in one body by proxinnt^ 
with another, as we ha've seen in the 
previous experiment; ^and the term/ 
electricity by induction, or induced elect 
tricity, was employed so as to imply the 
supj^sition which was indeed intended 
to be conveyed, that th(^ function of 
induction might or might hot be co- 
existent with a primary electrical excite- 
ment. It has been liie object of pre- 
ceding remarks to show that it necessarily must be co-existent wriUi ploctrical excitement, 
of which, indeed, it forms a part. For this important generalization we are indebted 
to the investigations of Faraday, who has laboured so long and so successfully in this 
interesting field of inquiry. It appears, therefore, that the term electrical induction, 
in a partitive sense, is no longer inlpUigible; nevertheless it has been so long accepted, 
and has become so intimately associated -with the explanation of many important elec- 
trical phenomena, that, limited according to previous explanations, it will hereafter be 
employed in this volume. 

Whai is the eondit^ of the atmosphere^ or ether non-eonductinp mediumf through 
which the inductive influence takes place f — It has been demonstrated in the preceding 
pages, that an influence, or force, has in some way been exerted through the 
layer of atmospheric air situated between the two cylinders whieh formed the subject 
of experiment. A question, therefore, at once presents itself of the following k^d. 
How is the atmosphere itself affected by the influence transmittedsihrough it } Is the 
atmosphere passive or active } Anterior to the investigations of Faraday, it was 
usual to answer the second question in th^ negative ; the igifluence,' whatever it may 
be, was assumed to radiate or pass in straight lines through the atmosphere, which 
itself remained passive, being nowise affected. Faraday has demonstrated the incor- 
rectness of this theory ; he has shown that the atmospheric molecules assume a polar 
state, and to*tliis polar influence is attributable the electric manifestations recog- 
nizable on the second cylinder, or any other conducting body similarly circumstanced. 
The term polarity is one so frequently employed in the description of molecular forces, 
that it is necessaiy at this point to describe its meaning. By the term polarity is 
understood a certain symmetry of relation subsisting between the components of a 
material aggregate. Tlius, for instance, supposing the aggregate to consist of a heap 
of needles confhsedly arranged, then the components of this aggregate (L e, the needles) 
would be said to manifest no polarity. If, however, the needles were to form any 
' symmetEioal groups, such as stua, triangles, &c., then the aggregate of needles would 
be said to have b^me endowed with polarity ; the formation of such aggregates 
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would be expressed %s the assumption of polarity, apd the destruction of the sym- 
metrical groups as the resolution of polarity. The idea thus grossly expressed eyidentl;|r 
admits of extension to the smallest molecules, 
or even to the &rces actuating these molecules, 
and the assumed ^lar state of Wlecules and 
forces maybe*rende];^d comprehensible generally 
by gross physical anal(%ies. Beyeifting to tho 
foregoing experiment, it will be seen that the 
cylinders operated bpon are affected by polarity, 

^ ^ the ends A being in symmetrical relation to the 

(A ^ ends B ; and their length might be indefinitely 

, extended with a similar result. 

Mr. Faraday l)elicYes that atmospheric air, or other non-conducting material, 
interposed between the two cylinders, or any bodies simi|^l]b circumstanced, is not 
passiye, but actiye — that the influence, by means of which the first cylinder is 
enabled to affect the second, ia«not darted through the intenrening space by a sort of 
rfldiation, but that the athiospheric molecules assume some sort of symmetrical 
relation, either of form or of force, which symmetry of relation extending in all 
directions, not merely in straight lines, from the primarily electrified body, affects 
directly, but in a manner unknown, the second. 

To inquire more narrowly into the nature of this transmitted power is equiyalent 
to tho inquiry. What is the nature of eleetrieitft Hereafter a short expotition of the 
yarious opinions relatiye to this question will be giyen ; but to enter into the specu- 
lation at this time would carry us too far from the sphere of present discussion. 

The Slectxophoxiu. — ^Accepting the term electric induction with the limitation 
already stated, I shall now describe an instrument which not only illustrates that function 
but which is an instrument of great practical utility. The electrophorus, as it is called, 
was the inyentiou of Volta, and is thu^prepared ; — ^Procure aflat dish of metal, B (tin plate, 
copper, or brass) about one inch deep and twelye or fifteen in diameter ; fill this dish 
with a resinous mixture of equal parts of shellac, resin, and Venice turpentine, and 
allow tho whole to grow cold. One half of the instrument— to which the term “ sole** 
has been giyen— is now prepared, an^it only remains to form the coyer. This (Jbnsists 
of a thin, flat, metallic plate, D, something less _ 

in diameter than that of the sole, and furnished ^ 

with a round band, or metallic rim, as sbpwn 
in the diagram, A A. To this coyer a glass 
handle, d, is attached by means of a socket, into 
which is run a little cement. 

When it is desired to bring the dectro- 
phorus into action, the sole, or resinous fisce, 
is briskly rubbed, or^yather dashed-^ike opera-* 
tion being something between 'a blow and 
a rub— with a piece of dry flannel or fur-ddn. This operation haying been repeated 
fiye or six times in succession, the excitation is complete. The whole upper surfSeuie of 
the sole is now affected with resinous electricity ; and if the coyer fitted it accurately 
at eyery point, the resinous electricity thus deyeloped would be communicated to the 
COTV by simple contact. This condition, howeyer, neyer obtains. The coyer does not 
actually touch the resinous portion at more than a few points, from which resinous 
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«lectrurity is direetly ttansiferre^ Hie 'greater portion of the^^urfsoe of tha coTer, 
however, is separted from the resinous faoe of the sole by a thin layer of atmo^beiic 
air ; consequently it is placed under the conditions au>st^&TOuraMe to the aasivii^tion 
of electricity by induction. The method, theii,'|of employing the eleetrophorus 
is as follows The G 6 yer being laid upon tbe resinous face, which is resinoasly elcctri- 
I fied, the lower aspectiof the coyer at once becomes yitreoutiy cl^ptdded, and its upper 
j aspect resinou^y ; if, howeyer, the eoy^er be touched with She finger, or any other 
I conductor on communication with the earth, then the binary system (nunely, the sole 
I and the coyer) becomes neutral. This neutrality, howeyer, existtr only so long as the 
< two binary portions of the instrument are in close relation. If tho 00031 he remoyed 
1 beyond the influence of the sole, then the balance of <dectrical neutrality is destroyed, 
; ' the cover becomes charged with an excess of vitreous clectricfty, which it will 
. evolve in the form of a spark, on causing it to be approaqhed with a metallic knob, the 
finger-knuckle, or any,pth^ non-pointed conductor. 

Thft Condenseifa — The law'of electric induction is beautifully illustrated by the 
condenser, an instrument designed to ma nife st very slight amounts of electrical 
influence, such as would not be rendered evident by ilnaided electrometer. * 
The condenser is represented by Fig. 1. It consists of two circular inftfatlliA 


one, fi, insulated on a glass 
stand, and a fixture ; tiie other 
attached to a metallic stem, 
which inferiorly terminates 
in a pivot, so that the plate of 
^ the instrument marked A, 
although represented vertical 
in the sketch, may be turned 

^ back at an angle, and laid 

horizontally if desired. Ocoa- 
sLonally, instead of attaching 
this plate by means of a 
binge, it is i^cd to a slide, 

' which>.enables it to be removed from the plate B, still i^taining its vertical plane. 

^.In order to understand the theory of the condenser, the most oonvenient plan is to 
impress the mind with the result that would take place on one insulated disc when 
touched with an electrically excited body. «Fiom what has Igcn already stated, it will 
be evident that the total amount or charge of electricity capable of being rooeived by 
such a disc, will depend on the amount of opposite polar influence capable of Aywt iti g 
in bodies around or near it ; and if a conductor should happen to he in its vicinity, 

; disc shoidd ret&ve a stronger charge than if such conductor were away. The second 
plate of the condenser, therefore, supplies this definite theoretical indication, and 
enables the first plate to acquire more«dectricity than it otherwia^ would. fit iB , while 
j the plates are opposed to each other, no eleetricQl influence is manifested; the two 
i systems being mutually balanced. But immediately one {date is removed, then the 
I remaining plate contains an overcharge of dectricity, which it can impart to any other 
i conductor by simple contact The diagram represents the condenser, united by* a oon- 
I ducting wire with agold-leaf electrometer in tiie act of divergence. Sttietly spedEing, 
bcwcTcr, tim divergence wwuldunly bwm occunnd when the plate A of 
bad beenwithdrawn. 
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Tho method of uiing the condenser will he evidenl from a consideration of the prin- 
ciples on which it is based. The two plates being placed in opposition (not in contact), 
platedB is touched mth the i^bstance whose electricity is to be examined, and A is 
simultaneously touched with the finger. or a conductor, if it do not happen to 
be mounted on a (|>nductmg stdb. Thk process being seveAl times repeated, the 
binary system becomes fully charged,*' and accurately balailbed— the electricity of 
i one disc against '&at*of the othdir. Imaaediatdy, however, disc* A is removed, 
j then the original balance between the two systems is destroyed, B has a surcharge 
of elcctric^y, whifii it transmits to the electrometer leaves, and thus causes them to 
diverge. * 

; The Electrical BEachl&e. — ^Hitherto in our development of the laws of clec- 
! trical phenomena^ tho very simpjest means of electrical excitation were adopted. j**dt 
would be possible, without having recourse to more complex apparatus, to push oftr 
investigations still further ; nevertheless they will Jbe gre^tljafacilitated by no longer 
trusting to the minute quantities of electricity already devclc^ed, and cmpl(^ing the 
electrical machine, a description of which I will now proceed to give. The term elec- 
tfical machine, it should be*prcmised, is limited to include those instruments merely 
which yield electricity by firictional c^itation. In the strict language of philosophy, 
Voltaic batteries are electrical machines, as arc also those combk^tions now so preva- 
lent by means of which electricity is developed from magnets. None of these instru- 

I ments, however, are mmally termed electrical machmes. The electrical machine, in 
j its most generally received acceptation, consists in some mechanical arrangement for 
extending and enlarging the frictional efforts already described, and conducting and 
retaining tbe resulting power. It admits of vaijous modifications as to fonn^ but the 
philosophical principles on which it is founded never vary. An electrical machine 
consists of three main portions, namely, the rubber, or fnction giver ; tbe electric sur- 
face, or friction receiver; and the prime conductor. The very oldest electrical 
machmes had their dectric surface constituted by a glaas*globe, and the rubbing 
apparatus was fiannel, or other material htdd in the hand. Subsequently glass globes 
were found to be inconvenient in practice, and cylinders wore mounted in their stead, 
the friction-giving portion of the machine being no longer held in the hand, but made a 
fixture. Occasionally the prime conductor was also fixed in tbe early electric mdidiines, 
but more frequcntlf detached. At present tbeelcctric surface is moro usually made in 
the form of a plate than cylindrical, many practical difficulties occurring to prevent tbe 
formation of cylinders o& large size. Whq^ther a flat plate or a cylinder, however, the 
general principles on which the construction of an electrical machine is based arc not 
affected, as will be easily recognised. In all electrical machines, the prime conductor, 
Of instrument which conveys away the electricity from the electric suifaee, is insulated 
by glass— the reason of which provision will be obvious from a consiwation of what 
has gone before. 

In cylindrical mag bines the rubber is also kotsulated, eonduction being established, 
when necessary, between it and the ground, by interposing a metallic chain. Thoeon^ 
trivanco of insulating the rubber affmrds eertaln fisicilities in the production of rentious, 
w msgative electricity, as we may now call it, under the limitation already given; ; 
butit is a provision rather difficult of execution in plate machines, and is, therefore, in 
the latter firequently omitted. Oecasionally, when the rubber is insulated, it it attaehed 
to at {Mime nouductorof its own. The fallowing woodeuti ropresenta eyihriaeriand ; 
! a plate machine respeetirely. / ! : 




Action oi the filcctilcal Miyhlne; — has already been demonstrated, that 
>vhen a rod of glass is rubbed by means of a piece of flannel^ the glass itself becomes 
electrified in one state, and the flannel in the other. These facts being appreciated, the 
action of the electric machine will be evident. Regarding the various portions of the 
machine as one electrictsystem, each part cut off by means of insulating legs from all 
electric communication with the ground, then the total accumulation of electricity in 
the prime or positive conductor, or that to which the rubber is not attached, will be 
limited to the total amount of positive electricity originally existing in the system, and 
will bv3 exactly balanced by the amount of negative electricity originally existing in 
the system, and which is now determined towarSs the rubber. Under these circum- 
stances the tension or tendency of the electricity accumulated at the prime conductor 
will be very slight. If, however, metallic communication be^ established between the 
rubber and the ground, then the tendency of tho prime conductor to evolve electricity 
will be in the direct ratio of its own surface to that of the whole surface of the earth. 
This ratio, it will bo seen, is practically infinite ; therefore electricity will bo now 
evolved from Dw prime conductor so continuouriy, tiiat it is somewhat difficult to pre- 
vent the mind associating itself with the idea of a real electric current: although, in 
point of fact, this seeming current is probably nothing more th^ a series of rapidly, 
occurring polarities, assumed and immediately resolved. 

Man a g emeiit of the Slectzical Mao]iiiie.r-The*two chiefpoints to be attended 
to in the management of apparatus connected with the development and preservation of 
frictional electricity are absolute cleanliness and absolute dryness. Any flagrant viola- 
tion of either of these conditions will be foimd incompatible with the auccesaful 
performance of dectrical experiments. The necessity for perfect dryness naturally 
BOggesta the avoidance of water in the cleansing operation; hence alcohol or oil is 
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substituted in its place. The frictional surface of tho znacliinc, whether a plate or 
cylinder, should he carefully exan^ed for all specks, staiiv» and other impurities, 
which being removed, so far as they permit, by the exercise of mere robbing 
with a piece of chamois leather or silk, any remaming portion should be moistened 
with olive oil, loosened by renewed friction ; finally, the oil should in its turn be 
wiped ofi^ and tho glass^ if not perfectly clean, moistened with alcohol, and /ubbed 
until dry. 

As regards the rubber portion of the machine, it does not oonsllt of a simple pad, 
but the surface of the ]^d is smeared with an amalgam of tin, zinc, and mercury— a 
mixture which is found to conduce to electrical development ; but as this compound 
soils the glass portion of the machine, the latter requires to be cleansed from adhering 
streaks of dirt more frequently than it otherwise would. 

The next point for consideration is the composition and formation the amalgam, 
also the method of laying it upon the surface of the rubber. 

The ftwiftlg am ita|lf is formed of tin, zinc, v^d mercury, equal parts of each. The 
two former are fused together in an iron ladle, the mercury added, rapidly incorporated,, 
at once removed friim the fire, thrown into a wooden box containing powdered qhalk, 
and agitated until cold. It is now transferred to a mortar, aU inequalities broken down 
with the pestle, and incorporated with about one-eighth of its own bulk qf pomatum. 
The thus prepared, may be squeezed into a mass and smeared over the sox&ce 

of the rubber. 

^^en'dectrical experiments are carried on in an airy, well-ventilated room, when 
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the weather is moderately dry, a^d the indiyiduals present are hut few, there is no 
great difficulty experienced in preventing the ^deposition of aqueous vapour upon the 
various parts of the machine. The case is otherwise,^, howeve^, when prosetuting 
electrical experiments in a crowded, apartment, such as a lecture soom. Under these 
circumstances, much care is necessary to insturc sucS a state of djjprncss as may not be 
incompatible with expiriments. Perhaps the best means of accomplishing this consists 
in placing on t^^e lecture-table, in the •vicinity* of the machine, little furnaces or 
chafing-dishes containing ignited charcoal. For the purpose of increasing the radiating 
or heat-giving surface, discs of metal, circular by preference, slfbuld al^o be sup- 
ported over the glowing charcoal by any adequate means. Gas and toil ^lights do 
not answer well the end desired. A main result t>f their combustion is water, 
wbjch greatly counteracts the direct effects of heat. Burning ^charcoal is not 
attended with this disadvantage ; the result of its convbnstion being carbonic acid 
alone. ^ 

As regards the glass insulating legs of the machine, it is difficult to keep them 
quite dry, except they be overlaid with varnish. That^ which answers mo.st satisfac- 
tory^ for the purpose is a solution of shellac in spirit of wine. By the aid sf 
the electrical machine, our knowledge of electrical agencies may be now further 
extended. 

Does Electricify, whilst at resiy penetrate the whole sitbstance of a body^ oris it con- 
fined to the aurfaeef — The experiments necessary to the investigation of this subject 
admit of performance without the electrical machine ; but they are so much more 
readily conducted by the aid of that instrument, tliat I have thought it desirable to 
postpone their consideration until the, present time. 

If any hollow vessel of conducting material bo taken (an ice-pail answers perfectly 
well, placed upon a stool having glass legs, and hence 
commonly known as the insulating stool), on electrified 
body brought into co»tact with tlie hollow vessel neces- 
sarily conveys electricity to the latter. In conducting 
this experiment, the electricity may be taken from the 
prime conductor of an electrical machine by direct metal- 
lic contact with the latter, and a carrier-ball of metal, 
insulated by attachment to a silk cord,ffmay be employed 
to convey away the electricity from the charged vessel 
to the testing ejectrometer. | 

Arrangements being thus made, if the carrier-ball be 
brought into contact with the external surface of the 
vessel, then removed and caused to approach the plate 
of a delicate electrometer, the gold leaves will instantly 
diveige, thus proving the existence of electricity. If, however, the carrier-ball be 
now dipped within the vessel, brought dnto contact with its innfr surface, and again 
brought into contact with the electrometer plate, not the slightest divergence will 
ensue ; thus proving that the electric influence is totally confined to the external 
portion of the vesseL Nor is the general result altered if, instead of a vessel having 
solid sides, one having orifices be substituted— such as a mesh-work cagtjii|h;firire 
gauze. But perhaps the most striking form of conducting the as 

foUpws : — 

The annexed vessd represents an instrument composed of an iniriMit^|;--/jiiiSB 
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handle and a brass a heavy brass bottom^ tho Jatter 8iiQ)ended to the ring by 

means of network of linen, not silk, threads. A net* 

work metallic wirS would have better fulfilled one 

condition of the experiment; but it would have 

necessarily been rigid, and consequently unadapted 

to the mechanical r^cessities of the instrument, as 

will presently appear. 

The object of this contrivance is as follows By 
means of dexterous cnanipulation it admits of being 
turned ixfti&cv out without touching ; so that the 
internal portion of the net may .be made at pleasure 
tho external portmn, and vice versa. If the insulated 
carrier-ball be dro]^ed inside this network, brought 
in contact with the metallic bottom, r^oved and* 
tested by means of a gold-leaf or torsion electro-^ 
meter, not the slightest electrical excitation will be 
manifested; whereas, byrerersing the conditions, 
ample proof of electricity wUl result. , 

Perhaps no devices can more strikingly illustrate the propo8i]:ion that dlectricity, 
whilst at rest, occupies the surface of bodies, than these already cited ; the following, 
however, being easy of execution, may be stated. 

Let A be an insulated metallic ball, charged with electricity, and B»C metallic 
hemispherical cups, which being approximated, by means of their insulating glass 

^ handles y and g\ embrace the boll. 
Under these circumstances the 
charged ball will be found, if in- 
closed within its metallic hemi- 
spheres for on instant and tho cups 
removed, to have lost all its oloc- 
TKik tricity. Another form of demon- 

~ Btration is as follows -S is a>heet 

of thin metallic foil, wound sound 
• ^ cylinder, a, which latter is in- 

sulated. Attachdh to tho cylinder, 
by metallic communication, are two pith baHs, which serye the purpose of an eleotroscope. 

turning the cylinder on its axis the metallic foil will 
be wound up, its surface being lessened, al&ough its ^ 

metallic mass remain the same. Under these circum- C 
stances the pith balls will diverge, indicatito of 'an 

increased tension or accumulation of electricity on a ■lj/ 'TIIIBm 

limited area. This ^periment is the more striking 

that it does not require electripity to be imparted from S 1|1| | h 

any extraneous source ; tho electricity naturally exist- H | li |H 

ing in the metallic leaf being that which is called into 

g experiments are direct; but the |[ L/ 

be demonstrated indirectly, by 
ch have already been mentioned with a different object. The 
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mutual repulsion of light bo^es, when duly considered, is another proof that 
electricity resides on outside surfaces, and that in cndcayouring to get as for as 
possible away, it carried with it the light bodies themselves ; the demonstration,^ how- 
ever, is rendered more striking by employing an instrument of thitf kind is a 
vertical stem of conducting material, insulated by 
placing it on a glass-legged stool ;^ss g Sy &c., are strips 
of paper ^attached to its upper extremity. When the 
stem a, and, consequently, the strips of paper, s a a a, 
are brought into communication wi^h the charged prime 
conductor of an electrical machine, a mutual separation 
of the strips of paper tgkes place. They are not, how- 
ever, equally separated throughout their whole depth. 
The outside ones separate first; ajid when they arc 
Buftciently removed from* the central influence, others 
follow, r Now it has already been demonstrated that bodies similaidy electrified repel 
each other ; consequently, if the electricity were equally distributed throughout the 
entire layers of paper slips, they should undergo mutupl repulsion throughout thpir 
entire depth. 

The following experiment, again, illustrates the same proposition; and it will be 
found to have a double significance : — is an insulated conducting stem, terminated by 
a metallic platform, d ; c is a little basket, or any other 
vessel of conducting material, possessing a similar depth 
and general shape. The basket contains shreds of tissue- 
paper, each about an inch square. If the bariLet and its 
contents be now brought in communication with the 
prime conductor of an electrical machine, and if the 
prime conductor be very gradually charged, a portion of 
the paper shreds may perhaps be repelled, and fly out of 
the basket. Whether, however, this result takes place or 
not depends entirely on the depth of the basket ; and by 
supplying a basket of sufficient depth, the mutual repul- 
sion ef the paper slips may be altogether prevented. 

Instead now of exposing the paper slips in a basket 
to electrical influence, place them on the metallic 
disc by and bring the apparatus in communication witk the prime conductor of an 
electrical machiue as before. Mutual x^ulsion between'' the paper cuttings now 
takes place ; they rise out of the basket, extend outwards, and ultimately fall. Thus 
it is recognised that the act of mutual repulsion is dependent on the depth of the 
basket— on tll^ amount of outaidedmaay to use an'allowable expression, possessed by the 
apparatus. 

But the experiment has another significance : the paper shreds are not scattered 
at once throughout their whole depth, as they would have'^een by the qx^ise 
of a homogeneous repulsive force, but the outside pieces are first repelled (hen 
follows another layer, then the next, and so on to the ^end. A consideration of this 
tendency of electricity to approach the outside of conducting bodies is has 

numerous practical bearings, and merits a still more attentive consid^||l||^^^p 
already been given to it. The theory of lightning-conductors, for 
depends upon it, as will soon be manifest. 
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Outsidedness of Slecteicity PzoTed.--Startii:g from the original proposi- 
tion, that electricity ^is alone confined to the outside of bojl^es, it will now be 
desirfbler to trace its relation .to conductors of various shapes ; and here I shall 
have occasion to employ a term already adopted— A slight consideration 
of various mathematic^ solids will ^demonstrate that each solid i^ssesses an amount 
of outsidedness peculiar to itself ; understanding by that term the mutual distance 
of Jpoints on the surface of each solid from the latter*s centre. It will be evident 
that a sphere will have this outsidedness more equally diffused than any other form 
whatever; gnd that a point will depart to the farthest extent possible from this 
condition. It follows, therefore, that electricity should be most equably diffused 
over the surface of, a sphere ; and in proportion as the conductor assumes the pointed 
form, so will the clcytric inequality.be greatest. Experiment bears out the suppositior 
most remarkably. If a spherieal insulated co^uctor be brought into cdhimunication 
with the machine, and sparks drawn from the sphere, by app’33a:hing it with a metallic 
Ifinob, it will be found that on all aspects of the spherical conductor, sparks of equal 
size — in other w^ords, of equal character or power — may be drawn. Immediately, how- 
evef, that the spherical form is departed from, a different result is obtained. Taking a 
cylinder, for instance, it will bo found that a spark drawn from either extremity differs 
in quality from the spark drawn from either side ; and, in short,, without needlessly 
multiplying further examples, a similar progression of results will be made evident as 
the experimenter proceeds from the spherical to the pointed type. At length, when 
anived at the pointed form, the experimenter will discover that the electricUl conden- 
sation tension, or, to adopt the language of theory, electrical pressure, is so gi'eat, that 
no spark whatever can be drawn from the point from which the electricity escapes ixi a 
continuous sfream. To demonstrate this proposition nothing more is required than the 
attachment of a needle to a prime conductor in such a manner that the point of the 
needle looks outward. Under this arrangement it will be impossible to retain electri- 
city on the prime conductor ; and if the experiment be perform^ in a daricened room, 
the escape of electricity will be rendered manifest by the appearance of a luminous • 
object known as the electric pencil or brush. » 

The preceding experiment has been described, for the sake of simplicity, as though 
the passage of electricity had reference^ to the prime conductor of the machine alone, 
considered as an cleFtric source ; but it will be obvious, from a proppr application of 
the theory of induction already explained, that the machine prime conductor can only 
be regarded as the representative of one member of a duality, the second member of 
which is the whole euth. In other words, regarding the prime conductor of an elec- 
trical machine as electrified or plus, this electricity must be balanced by its coun- 
terpart of — or minus electricity existing on rome other body ; which body, provided 
no amount of insulation take place, is the whole earth. 'Wlience it follows that all 
which has been stated in reference to the giving out of electricity by the prime con- 
ductor, or conductors, of various shapes, brought into electric communication with it, 
apply conversely to a reversal of the arrangements already detailed; or, to be practical, 
if a needle attached to the machine prime conductor be potent in giving out electricity to 
the ear&mme conductor— so conversely a needle attached to the earth prime conductor— 

(t. operaWs hand), will be equally potent in receiving electricity from 
the priin^HlllPbtor from the machine ; and generally the proposition in its widest 
signifim<||P|f . be thus embodied : THa mpckbUiJty of am nuchameal form for giving 
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Thus the general propoBitfon ii demonstrated that electricity resides on the surface 
r of bodies, not penetc^ting to any sensible d^th; hence the capacity for electricity— to 
use a dguratiye term— will, ceteris paribuSf be proportionate to Ime area of suiSace. It 
must be pointedly ipoulcated, howeyer, that this remark only applies to electricity in 
a static or motio^dbs condition. Where eleo1nc*current8 are concerned', the power of 
a conductor to transmit a given charge is proportionate to the mass of conductor of 
equal conduuting power. This is a bircumstWe of great^ practical importance ; on 
its comprehension is based the construction of lightning rods ; experience haying 
determined that for each conducting body there exists a solid transyersc action, com- 
petent to give ready passage to the largest known discharge of latmosqlheric electricity. 
The following numbers represent the facility witlf which different metals conduct 
electricity : — 


Silver 


. • . 186 

eold .* 


. 103 

Copper 


. 100 

Zinc . 


.» . 28 

Platinum . 


. \ 22 

Iron . 

♦ , 

. 17 

Mercury 


2*1 


The lieyden Jes.— This powerful agent of electrical condensation inyolyes no 
principle that has not already been described. Its construction is based upon a direct 
application of the laws of induced electricity. The casual examination, however, of a 
Leyden jar is suggestive of another idea— the idea of electricity as a material fluid 
capable of being preserved in vessels of capacity. It was this idea, indeed, which led 
to the discovery of the Leyden jar ; the history of which is curious. 

In the year 1743, Cuneus and Muschenbroek, of Leyden,* imbued with the senti- 
ment then universally prevalent that electricity was a material fluid entity, bethought 
themselves of trying whether the fluid could not be accumulated and preserved in a 
non-conducting vessel filled with ^ conducting material. The vessel they employed 
was a glass phial— the conducting material water. Into the bottle a nail was thrust in 
such a manner as to establish electric communication between the conducting material 
(water) intemapy, and the charged prime conductor of an electrical machine. An 
experimenter now taking the bottle in his hand, and causing the nail to approach the 
prime conductor, drew electricity from diat source untik no more would flow— the 
bottle, to adopt the expression of a former period, being full. He now approached the 
kwkle of his finger to the nail, expecting, no doubt, to receive a spark of just the 
same force ^ he might have received from the prime conductor itself! . Instead of this, 
howeyer, he received a shock ; and a new field of observation was opened. As the 
fulLesI details connected with the formation of this primitive electric bottle are on 
record, we may form a just appreciation of the power of the received shock. It must 
have been altogether insignificant ; yet so great was its novelty, so unexpected its 
occurrence, that it terrified Muschenbroek extremely, so that he protested he would 
not receive a sfmilar shock for all the kingdoms of Europe. 

It must be oonfisssed that a casual examination of Ike electric or Ley|jpa. jar is sin- 
gularly suggestive of the idea that electricity is collected in it bo^^* The idea, 
howeyer, is soon dispelled by further tinvestigation. If it were r^y true that the 
i • “HiBt.de FAcademie,” 1746. 
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theoxy of this instrumeift be referable to the mere retentiofi of electricity by li suxi^und- 
ing non-conductor, the^ it follows that the bottle should not requi^ an outside coating : 
it would*follow, moreoyer, thab the thicker the bottle the better the effect. Neither 
is true. There must be an external conducting layer of some kind, and the glass must 
not be too thick. But in what did the external coating of the firstffjeyden jar consist ? 
The hand of the op^tor himself; without which, or some equivalent, as was soon 
discovered, the cxperiment*could not succeed. Its at present constructed, the Leyden jar 
consists of a glass vessel or bottle, of about the usual thickness, coated internally as 
well as ext|rwdly with tinfoil, which, however, stops short at a certain distance ^m 
the mouth of tHb jar :*this distance, practice alone can determine. In making these 
jars, many practieal consideration! have to be regarded, which it is unnecessary here to 
state : it is proper to/nention, howswer, as involving something more than making the 
jar, that it is a good plan partklly to overlay the extreme edge of the tinfdl internally, 
with a slip of paper about half an inch in width, in^such %natnner that one-half of 
the paper, or a little more, may be in direct contact with the glass sides, whilst the 
remaining portion of paper surfaee is in direct contact with the tinfoil. By this con- 
trivjnce, any little asperities or points existing on the cut edge of the tinfoil may be 
guarded, and thus their tendency to dissipate their charge greatly obviated. A similar 
adaptation might be made with increase of safety to the extemaL coating also ; but 
thus situated it would be liable to abrasion, and, moreover, the internal protection 
usually suffices. Regarding the Leyden jar as the application of a principle, we may 
no-V with advantage proceed to assume various alterations in its shape, in order that its 
dependence on electrical conditions already made known, may bo the more lucidly 
demonstrated. Abandoning the obsolete theory which referred the concentration of 
electricity to the shutting up of the influence in a vessel of capacity, 
it would follow that, instead of a bottle, any double-coated layer of 
non-conductiug material would be equally efficacious. Such, 
indeed, is the case; the form of gl&s sheet on which the eSn- 
ducting layer is imposed being purely a matter of convenience, a 
flat, doubly-coated sheet of glass, as represented in the subjoined 
diagram, answers perfectly well, and the slightest attention will 
at once show that sqgh an arrangement is virtually that of Volta’s 
condenser—a full de^ription of which has been given at page 218 , 
and which, by comparison with the Leyden jar, will be seen to bear 
out the remark.. In the*Leyden jar,' or iAs analogue, the inter- 
posed non-conducting agent is glass ; in Volta’s condexuier, the 
interposed non-conducting agent is atmospheric air. This 
difference, it will bo seen, is not one of princip]^^but of con- 
struction : virtually, therefore, the two instrument are identi- 
cal. After what has been stated concerning Volta’s condenser, 
Bttle remains to be said Ibout^e Leyden jar, the nature of 
which will immediately be eviwnt. On bringing the knob tt, 
which may be considered aal an . extension of the internal 
coating, in contact with the prime conductor, the internal 
coating receives a + or* positive change, equivalent in power 
to the amount of — or negative influence susceptible of CKxn- 
oentration in its vicinity. Kow this amount of condensation wiU depend,^ asCaTM | 
partbut^ on the extent and the proximity, within certain limits, of oondnoting surlooeB ; .j 
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and, ina^uch as the exterhal or opposed metallic coating ^furnishes the proximity 
r, of surface under th^most favourable theoretical conditions, the Leyden jfir becomes 
adapted, according to a primary law of electricity, te receive the maximum' amount 
of electric influenc^. If the glass, or other inteiposed medium, be too thick, thdn 
* (-the power of the in- 

nstrumcnt diminishes, in 
.consequence of the op- 
posed metallic plate 
being too /ar removed. 
*If, oh the contrary, 
the glass be too thin, 
is liable to be broken 
by the electric polar 
conflict which takes 
place amidst its par- 
ticles. By increasing 
the dimensions of a 
Leyden jar, or (what 
amounts to the same 
thing) by increasing 
the number of iars 
in communication, xho 
power of the combina- 
tion may be increased to an extent*only limited by the power of the machine employed 
in charging it. Such a combination of jars is termed the Leyden, or the electric, battery 
—an apparatus by means of which the most magnificent displays of electrical power 
may be evidenced, and all the tremendous eflccts of lightning imitated. 

Method and Effects of Discharging the Leyden Jar or Battery, — The ordinary 
mode of ascertaining the degree of tension at which the electricity of a Leyden com- 
bination has arrived is by means of the Henley’s quadiant electrometer, as it is called, an 
instrument which is represented in the accompanying woodcut, and 
the indications of Which depend on the reprlsion of a pith -hall 
attached to one* end of a thin wooden filament, the other end^of 
which turns on a vertical pivot. The deflections of this wooden 
filament are proportionate to the tensidn of electricity Within the 
system ; and being read off on a graduated ivory scale, the pro- 
gress of the electrical charge may be approximately estimated. 

'When the ^ or .system has been charged, it may be discharged 
by establishing a metallic or other suitable conducting channel 
between the two coatings. This, in the language of electricity, 
is denominated oompleting the cirettit; and bodies on which^it is 
desired to operate by means of the accumulated electricity must 
be made part of this circuit. Various methods are had rccouzso to for 
establishing thin communication; but the instrument commonly 
‘ empbyed is termed the discharger, represented on the ibllowing 
page. Mere mi^ection of this instrument will show that it is 
well adapted for the purpose intended. The distance between the outside coating 
and the knob communicating with the internal coating being judged of by the eye, 
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the brass arms of the j^trumont admit of regulation means of the pivot from 
which thej diverge ; and l^e glass insulating 
handle ibviates the ehance of an electric 
shock, or the dissipatiop of passing electricity. 

When the instrument is thus applied to a 
charged Leyden jar o:^ system, a report is 
heard proportionate to flic tension of th»clec> 
tricity collected, a spark is seen passing 
through the air at the point «, electric equi- 
librium is rftsfl>ied, and the jar or system is 
said to be discharged. • 

Although the common discharger is sufficient for effecting the mere disekargo of a 

Leyden combination, other instruments are 
necessary for the purpose of bringing the 
passing electricity icIlEo Operation. Of these 

instruments, the one most generally re- 
quired is known as Henley's univers^ dis- 
cjiarger, and is represented by the annexed 
woodcut. The advantage of this instru- 
ment will appear in the course of experiments about to be dcwribclh 

Some effects of Accumulated Slectxicity. — ^Provided the body through 
which electricity is transmitted be a conductor sufficiently good, and sufficiently large, 
the passage of accumulated electricity exercises no perceptible effect. This statement 
may be inferred from a consideration of the act of discharging a Leyden jar by means of 
the instrument just described, in which the electric force traversed the entire length 
of the brass arms, without permanently affecting them in the slightest degree. If those 
arms, however, had been sufficiently slender, there would have followed a different 
result The metal would have becq fused. This may be ^hown in the follow- 
ing experiments: — Employing a Leyden battery of not less than four jars, each 
having a capacity of not loss than three quarts, prepare a 
metallic communication of the following kind one 
arm of the discharger attach the end of some fine steel 
wire, such as is use^ for the balance {J^irings of watches, 
bringing the other end of the wire into communication 
with tho external coating o^ the battery. This can readily 
be accomplished by twisting the wire roun^ the metallic 
hook, or stem, always attached to the case in which 
the jars of a battery are contained, and which is in 
immediate communication with their external coatings. Oonditioiftf being thus 
arranged, charge the battery, and discharge it in the ordinary manner. The conditions 
of the experiment are ^ch that all the accumu^ted electricity must necessarily pass 
tikrough the small steel wire, whose sectional area being very circumscribed, the 
electricity meets with interruption in its course, and combustion of the wire results. 

Instead of the wire employed in the last experiment, a slip of metallic foil, not too 
thick or too wide, may be attached by moans of paste to a plate of glass or sheef of 
writing paper, and the electric inffuence transmitted, when the metal will be inflamed, 
provided the electric Charge have been sufficiently strong. 

In conducting this experiment, the mechanical disposition of parts will be faoili- 
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tated by using the uniycra^ discharger already described.,. Not merely in these 
experiments does combustion result, but the electricity, whilst making its circuit, effects 
an expansion of thb metallic substance, as may be rendered evident by the foUowing 
experiment : — ^Attach as before a thin and narrow strip of n\ptallic foil to a plate of 
glass, lay over it apother plate of glass, and screw both tightly together by means of 
a little wooden prrss intended for that purpose. If the two j^lass plates be now laid 
on the table of the universal discharger, ai.d the shock of a sufficiently powerful 
battery transmitted, not only will the foil undergo combustion as before, but one or 
both tiie glass plates will be fractured. 

The fact has already been adverted to, that if the sides of aXeyder jar be too thin, 
they are liable to be broken by the force of electrical tension. The usual effect, indeed. 


of electricity, when made to pass through imperfect conductors, ia to shatter or per- 
forate. This may be readily demonstrated by employing a sheet of paper, or a card, 
to break the metallic continuity of an electric circuit, as may be readily effected by * 
adopting the contrivance reprefiUnted underneath, where the sheet 6f paper, p, is seen to 

be interposed betv^en the ball of the discharger 
and the ball r, commuiicating with the interior Lning 
of the bat^ry. Leaving these exemplifications of 
consequences resulting from the electric discharge 
through bodies not endowed with any marked quali- 
ties of combustibility, wo may now investigate the 
effects produced by similar discharges on bodies 
eminentiy combustible ; and here we shall find that 
the result is greatly modified by the cohesive state of 
the bodies acted upon ; — ^for instance, it will be seen that gases are more readily inilamcd 
than liquids, liquids more readily than solids. To accomplish the inflammation of a gas 
by electricity a battery is unnecessary — a single jar is not even required, although in 
practical laboratory operations a small jar is generally used. The mere passage of a 
simple spark from the prime conductor to a metallic jet, from which coal gas issues, is 
generally sufficient to produce ignition. The finger knuckle may be made to yield 
tbo spark, provided the operator be insulated on a glass-logged stool. The mode of 
operating demonstrates no electrical principle which has not already been discussed; 
but it affords a very striking method of perforfiiing the experimert. 

An inflammable liquid — such as ether — may also bo generally ignited by means of a 
spark drawn from its surface, by means of the knuckle ;^or a metallic knob. This 
experiment may be most readily conducted by placing a small metallic pan on the 
prime conductor of the machine, filling the pan with ether, charging the conductor, 
and drawing from the surface of ether a spark. The ignition of inflammable gases in 
closed vessel^4s an operation of frequent occurrence in chemical practice, and is most 
readily accomplished by means of the electric spark. The engravings on the following 
page illustrate the general disposition of apparatus for accomp^^ing the result. 

The vessels in which the gases to be exploded are confined, consist either of glass 
tubes or stout glass jars, and are called eudiometers. Fig. 1 represents the kind of 
eudiometer most commonly employed in laboratory practice ; it consists of a stout 
glass* tube, having an internal diameter of about half an inch, and a length of six 
inches. Towards the closed end of this tube two platinum wires are inserted at right 
angles to the axis of the tube, and securely fixed in their place by fusing the sur- 
rounding glass. The open end of the tube is caused to dip in a vessel of mercury; by 
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virliich contrivance the interior of the tube becomes a cavity closed on all aspects. The 
two platinum wires wfiich perforate the tube do not toUchybut a small space 
remaining between th^m ; a charge of electricity can only pass from one to p.. 
the offer in the form of a spark, by the agency of wMch combustion is \ 
effected. 

Fig. 2 represents form of eudfometer for which we are indebted to the 
ingenuity of Dr. Ure. The forme# instrument 
/ requires t« be firmly attached, by ipeans 

’ * of screws, to the mercurial trough whilst the I 
electric charge is being transmitted, or the aid 
of an assistant is required. The employment of 
^ DrTUrc’s instrument renders these provisions unnecessary. 

" , The •operator grasps the eudiometer firmly in his hand. 

y closes the open end with his thumb, and draws tha 
spark with his finger knuckle^ JThe bend of the instru- 
ment contains a little mercury, which not only prevents 
th# escape of gas, but deadens the shock occasioned 
%y the exploded gas. Between the thumb and the 
corresponding surface of mercury there exists* a column 
of atmospheric air, which acta the part of a spring, and serves to ^eaden the shock. 

Fig. 3 represents a form of eudiometer devised by the celebrated Cavendish. It 
enables the explosion of considerable volumes of gas to be ■■ » 

effected, and is, therefore, well adapted to the purposes of lecture 
demonstration. It was by means of this instrument that Caven- 
dish demonstrated synthetically the composition qf water. /7 

From examining the effects of strong electric discharges on [J ^ | 

gases and liquids, we next arrive at the consideration of its effects M M u 

on solids ; and of those we shall select gunpowder as the type of W j/ 

all the rest. For the purposes of tlrts cjqperiment, place a little II 

gunpowder on the ivory portion of the table of the universal |||// 

disch^irger, remove the brass knobs from the stcqi of the instru- nB 

ment, and establish a broken circuit, as represented in the Hi 

diagram below, ^ 

By the term l)#)kcn circuit is meant, that metallic commu- 
nication stops short at cither extremity of the little heap of ' 
gunpowder, which is itslif an imperfect clpctrical conductor. Let a strong discharge 

be now transmitted, when the 

gunpowder will be scattered in 
© ~ < various directions, but mostpro- 

l|l P bablyit will nSt be inflamed. 

By slightly modifying the con- 
/■ ditions of the experiment, how- 

WIIIM modification taken, in 

iJl lll l llil l lll ll l ll llll l Inll l lllllllU l H connexion with the result seems : 

not a little anomalous. Instead of establishing direct metallic communication 
between the inside of the battery and the gunpowder, let a portion of the circuit i 
consist of a piece of wet hempen cord. Most probably under this arrangement the 
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gunpowder will take fire. It will certainly do so if the length of string be duly appor- 
tioned to the strength of the ftischarge ; this is a detail, how^rer, which experience 
, alone can regulate. „ ^ 

The result of this experiment, so seemingly anomalous, admits of very satisfactory 
explanation. The inflammation of gunpowder requires a certain prolonged application 
of heat ; and this tiihe is not afforded by the rapid passage of felectiicity as supplied 
under the condltions^>f the first experiment. 'Wlien, however, the moistened string, 
which is a bad conducting channel, forfns part of the circuit, then the electricity is 
made to linger in its passage, and ignition of the gunpowder results. There can be 
very little doubt that this is the true explanation of the phenomenon, in&siipuch as the 
result is accordant with many analogies. Thus it is not easy to \gnito gunpowder by 
rapidly passing over its surface a jet of burning coal gas, a certain appreciable lingering 
of the flame being necessary to insure the positive result. A morc'striking illustration 
Is, however, afforded by the following experiment : — On U sheet of writing-paper lay a 
few grains of fulminatiLg^mcrcury in the form of a train ; cross this train with another 
of gunpowder, and ignite the first. The flame passes with inconceivable rapidity from 
one end of the mercurial train to the other, the gunpbwder being necessarily cross'd 
by the line of fire ; nevertheless the gunpowder itself does not inflame. Another illus- 
tration of the same fact is this : — If a percussion^ap, the charge of which is fulminating 
mercury, be placed oa. the nipple of a very short-barrelled pistol, a charge of powder 
thrown into the barrel, but nowadding, and the cap exploded, the gunpowder usually 
does not inflame. If wadding bo rammed down on the powder, or if the barrel be 
prolonged, then the gunpowder is inflamed, because tbe blast of the percussion-cap 
is made to linger amongst the particles of gunpowder—in the one case, by reason 
of the superimposed wadding ; in the other, by reason of the pressure of a column of 
atmospheric air. 

Atmospheiic Elecfariclt3r~'T]ieoxy of Ughtning-rods. — It is almost un- 
necessary to state that the nature of thunder and lightning was totally unknown until 
the celebrated Benjamin^Franklin identified them with electricity, thimder being tho 
explosion, the lightning the spark. Hence these grand natural electric manifestations 
are identical, in all but difference of degree, with the report and the spark attendant 
on the discharge of >a Leyden battery. It is also unnecessary to state that 
Franklin made this grand discovery by means o*>f a kite, along the string of which 
the electric influence passed, and fimm the end of which he succeeded in drawing 
* a spark. 

Tho moment this discovery became knoWn, an obvious nleans suggested itself of 
protecting buildings from the offsets of lightning, by elevating, in contact with them, a 
metallic rod of sufficient dimensions to carry off the greatest charge of electricity that 
can occur at o^%.time in a determinate area. 

Great discussion originally took xdace amongst electricians as to the proper shape to 
be given to the extremity of these lightning conductors. One party advocated siieri- 
cal terminationB, ». a. knobs or balls ; an\>ther, pointed extremities. There remains no 
doubt on this matter now. Points are universdly accepted as being tbe preferable form, 
and the reason why they are preferable will readily appear from explanations which have 
been giyen before : an observance of the relative effects of points and knobs applied near 
to the charged prime conductor of the electrical machine at once settleB the controversy. 
A more satisfactory way of demonstrating the relative influence of points and knobs, 
however, is supplied by the following experiment To the prime conductor of an 
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electrical macliine attach the instrument represented in the following diagram, consist- 
ing of a forked conductor, each prong of which ends in a ball ; but the balls are of 
diffcrenl^dimensions. ^owitis evident 
that in proportion as a ball is dituinished 
in size, so doQS it approach the nature of 
a point; founded on ^ appreciation of 
which circumstance iS tjie experiment 
about to be described. If the operator 
charge the prime cond^tor, of which the 
forked appavafl^ is assumed to be, for the t 
a knobbed conductor to approach the f 
relative distances ^om each other, he ^ 
electric discharge nmnifests the greatest 
small ball ; as may be judged of from tl 
it gives off. In this way the moveable bal 
into contact with the largo ball ; still the 
placjp from the small one. If^deSircd, the 
previous arrangement may be reversed, the forked conductor being held 
in the hand, the single ball conductor fixed ; still the result will always agree in 
this— <thc electric discharge invariably manifests a relation of prcibrcnce for the small 
ball. 

As regards the material of which lightning conductors should be constructed, 
this will necessarily be determined by a consideration of the relative conducting 
power of different bodies. Metals are pre-eminent as electric conductors ; therefore 
a lightning-rod should be of metal, and amongst^ metals copper is the most eligible. 
In England, flat bars of copper are used ; but, according to Mr. Faraday, a philosopher 
whose profound electrical investigations entitle his opinions to the greatest confidence, 
their usual dimensions are not sufficient, accidents having frequently occurred to 
buildings protected with rods of this kind. 

A point of fundamental importance in the erection of lightning-rods is this : — ^They 
should at their inferior extremity be brought into«direct metallic communication with 
the earth, by which is meant not merely the superficial soil, which may be of such a 
kind as to become, when parched and dried by continued heat, a conductor of eleofi’icity 
so imperfect that they may be altogether unable to carry away the electricity accumu- 
lated in the copper bar. By the term earth, is meant the whole mass of the globe in 
an electrical sense. If admass of water be^oar, it is a good plan to extend tho lower 
extremity of the lightning-rod into it. If the building to be protected be in a town, no 
better termination to the lower extremity of a lightning-rod can be given than the 
general system of gas or water-pipes, with which it should be brought direct com- 
munication. 

Another precept to J)e remembered in the erection of a lightning-rod is this It 
should be brought into metallic communication with every considerable piece of metal 
work in the edifice which it is designed to protect, otherwise the rod is a source of 
danger instead of an JEgis of safety. 

The necessity for establishing this metaUio communication, arises from what 
electricians call the lateral discharge, and which may be thus illustrated Let A r^^- 
sent a Leyden jar, B a copper wire on which it stands, and which is therefore in com- 
munication with its external coating. The copper wire may be mdefinitely extended, 
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which extension the diagram ^ inadequate to illustrate. If the jar be now charged 
and discharged, the tendency of its 'electricity is to permeate the best electric con- 

ductor^ which in this^case is the 'v^ire; but 
even the besf' conducting body affords some 
resistancq to the passage of clectijcity, so that 
it is possible for two pfrts of the wire circuit 
to be brought in syfidient proximity to each 
other so that the electricity rather passes in 
the form of sparks through the intervening layer 
ofthe non-conductor thw olon^ lengthened 
circuit of th^ conducting material. The condi- 
tions of arrangement in th^ prcceding diagram 
are such that tho electric 'spark would pass at 
the point marked C. It is easy to apply the 
demonstration here involved to the actual case 
of a building to which a lightning-conductor 
has been applicij. ^ 

Let A be a lightning-conductor penetrating 
the ^ound superficially ; B a metallic water- 
pipe, having good metallic communication with 
the earth ; and let a powerful shock of elec- 
tricity strike on A from a thundcr-cloud above. 
Under these conditions probably the electricity 
would force its way along and between tho masonry 
of the house, between A and B, as ‘represented by n, 
thus shattering the wall. In this case the lightning- 
rod has been the cause of the destruction of the wall. 

Had the rod not existed, probably the charge of the 
thunder-cloud might £ave avoided the building alto- 
gether, or, if it had struck the building, its discharge 
would have been determined by, and would have 
passed along, the most prominent metallic mass on 
the external part of the building, and which, under 
the conditions assumed, would have been the water- 
pipe. 

It was customary formerly to insulate lightning- 
conductors, studiously avoiding all electric contact 
with the building, from which they were carefully 
separated bf^^the interposition of non-conductors. 

This plan is not merely useless— it is injurious, dm- 
gerom; being directly opposed to the conditions neces- 
sary to be adopted for avoiding lateral discharge. 

An important question for determination, relative 
to the practical application of lightning-conductors, 
is the following: .What is the area of protection 
which a conductor of given dimensions is able to 
confer? 

Towards the latter part of the past century, this question was investigated by the 
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French philosophers. ^ They considered themselves justified in arriving at the conclu- 
sion that a lightning-rod might be considered protective to an area equal to twice the 
length^f the lightnhig-rod, considered as radius. The deducti(m) however, is unsound^ 
inasmuch as the result varies According to conditions ; the protection being more or 
less complete according to the elevation of the rod, its size, its conducting power, the 
absence of other towdHng objects in its vicinity, and some other Sircomstances. 

To demonstrate how §mall an arcOi^ay be protected by a lightning-rod, by reference 
to what has occuired, the following example, may be cited r—The mainmast of H.M.S. 

' “ Endymion” was protected, the foremast not, and a flash of lightning striking the latter, 
shivered if t? ^toms ;,yet the distance between the two masts was scarcely fifty feet.* 

Hence large buildings will Require a number of protectors proportionate to their 
extent, and an isolated column will be amply protected by one. It follows, moreover, 
that a column need* not have an dnsightly point elevated above its capital, or extreme 
termination ; if the point be* equal in height to that of the extreme capital, electrical 
conditions of safety will be fully satisfied. 

Applying these remarks to the column represented by the accompanying fiiagram, 
tlie electrical conditions of gafety may be readily traced 
out. Let A represent a lump of metal,^C an intervening 
piece of masonry, and B a metal railing in direct electric 
communication with tho ground by a specific rod, or 
some casual means, such as tho iron stair-rail within. 

Provided free dispersive power were given to the lower 
end of the iron stair- rail, or other conductor, every por- 
tion of the column would be lightning-proof except tho 
intervening masonry C, which being an imperfect con- 
ductor, would remain in extreme danger. Assuming A 
to be struck by an electric flash, the charge would rush 
across the masonry C, shattering it more or less ; but 
the charge once arrived at B, would rush silently, harm- 
lessly away. In order to insure safety, therefore, to 
every part of such column, it would have siffficed to 
interpose metallic connection between A and B. Not 
the slightest adv|ntage would accriis from elevating an 
unsightly spike above A. 

These conditions have been remarkably violated in 
the Duke of York’s Column, St. James’s fPark,' where a 
spike is made to project aloft from the head .of his 
Boyal Highness. Tho statue looks as if it were 
transfixed; thus violating the dictates of science, 
abusing art, and suggesting ideas of an impaled malefactor. 



Maxine laigh1|4ng Conductors.— It j^ill be readily seen that a permanently 
elongated rod of metal is inapplicable to the protection of ships, in which the necessity 
for elevating and lowering the masts would be incompatible with this arrangement. 
A metallic chain afibrds a more practicable substitute ; although, regarded merely in 
relation to power of conducting electricity, a catenary relation of parts is much less 
efficient than a continuous unbroken arrangement, such as is afforded by a metallic 
rod; moreover, chains, although not altogether incompatible with the meehanioal 
• Harris, “ On the Nature of Thunderstorms.** * 
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arrangcmonts to irhich ships^are limited, are exceedingly inconyenient. Never- 
theless, anterior to the adoption of the permanent marine lightning-conductor of Sir 
W. Snow Harris, chaius were used, not permanently attached ta<the masts, or Jiolding 
any permanent relation to the rigging, hut elevated at Ihe season of supposed danger. 
The objections to conductors of this kind will rcadjlly be anticipated. Nqt only were 
they inapplicable to; niany cases of sudden thunder-storms, bAt their erection was 
always a work of extreme danger, as the nun^erous accidents,* of which they have 
been the direct cause, will abundantly testify. Added to this, the fundamental objec- 
tion to the catenary arrangement, and it may be doubted whethev: viewed impartially 
under all aspects, chain lightning-conductors have not occasioned more^cidents than 
they ever prevented. 

Sir William Snow Harris has imparted to marine conductors allithe advantages of 
those on land by the simple expedient of inlaying'h slip of copper along the whole 
length of each mast ; and the copper slips of each mast are so arranged, that, under all 
amounts of elevation oifdl^ressiov to which the masts arc subject, the metallic contact 
between the adjacent copper slips is invariably preserved. 

These permanent marine conductors were at first strongly objected to. They were 

assumed to attract electricity needlessly, when, 
perhaps, had they not been in existence, light- 
ning would not have struck. Moreover, the 
plan adopted by SirW. S. Harris in establish- 
ing connection between the lower part of his 
marine conductors and the sea involved a 
direct passage of the copper plate through 
the ship, and not over the sides, as heretofore. 
This plan was objected to as dangerous by 
persons who were not familiar with electrical 
laws. No danger, however, can arise, pro- 
vided the conductor present a sufiicient 
metallic thoroughfare to the electricity ; 
otherwise it is true, under favourable con- 
ditions, a transverse discharge might occur. 

As ^regards the supi^^sed attraction of 
lightning, said to be caused by conductors, 
this is not strictly true ; the lightning is 
attracted, but simply offered a road, 
wherein it may escape. 

The following relation of a lightning 
stroke which fell on H.M.S. “ Conway,** so 
strikingly illustrates this proposition, and 
bears such general evidence to the vidue of 
permanent marine lightning-conductors, that 
1 quote it from the original treatise of Sir 
W. S. Harris 

The ship was moored in the harbour of Fort Louis, in the Isle of France. The 
tf^^gcdlant masts being on deck, for the refit of the rigging, a small boom (not having 
any conductor on it) was set up at the main-topmast head as a temporary flag-stafi^ as 
• <* On Pi^oteotton of Ships from Lightning.** London. 1847. 
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shown in the preccdinfg cut. Under these drcumstanceS, the ship was struck by light- 
ning at llh. 45m. a.m. of the morning of the 9th of March, 1846. The resuits were^ 
that tlie flag-staff wimout the conductor was shattered in a thousand pieces, but only 
so far as the point N at the head of the topmast. At this point the destructive action 
was arrested ; but hc^e also commenced the line of electrical Conduction, N a by 
which the whole chaise was carried clear off into the sea, covering the waves on its 
exit from tho side of the ship with a iSlaze of brilliant light. Nothing«could bo more 
perfect than the protective action of the metallic conductors. 

** It is Important to remark, as a confirmation of the result given in the case of the 
‘ Fisgard* (sinJllar in" all general particulars to tho result now under consideration), 
and other cases, that the gunner, at the time of the discharge, was sitting in his cabin, 
immediately under 4;he beam along which one of the main branches of the conductor 
passed. He describes the effect as being that of a pistol fired at him close to his head^ 
which so startled him that he fell back on tho arm-Q^est. scuttle being open, he 
observed, at the same instant, a brilliant blaze of light burst from the ship’s side upon 
the water ; but experienced nc? sort of inconvenience whatever. It is important to 
notice this fact, as it com]^etely disproves the assumption that efficient lightning- 
conductors frequently produce lateral discharges upon bodies in their vicinity, and 
that persons near such conductors are in danger of being dcstroy^^d-'’* 

Velocity of Electzicity.— Until the year 1833 the rate of velocity with which 
electricity traverses conducting bodies was unknown, although many philosophers had 
applied themselves to the task of investigating this point, and the electric** current was 
timed in its passage through several miles of copper wire. The time of entrance and 
emission, however, as marked by the accompanying spark, always seemed equal. Even- 
tually the idea of attempting to discover this rate of velocity became generally aban- j 
doned, for what hope was there of estimating the velocity of such an agent, seeing 
that the efforts of philosophers must, after all, be restricted to the limit of an exten- 
sion of wire It is otherwise in estimating the velocity of Ifght ; here we have the | 
diameter of the earth’s orbit as our measure, and we trace the subtle element through 
space from other worlds to our own. But all investigations as to the velocity of elec- 
tricity ore necessarily circumscribed by the narrow limits of our own planet ; hence 
the solution of the problem seemed l^peless. Professor Wheatstone, however, ^ving 
applied his mind tfi the subject, the velocity of electricity was determined in a manner 
no less simple than beautiful. Ho reasoned thus ; — If electricity takes time to travel, a 
charge transmitted throii^h a circuit broken in two points cannot appear at both points 
at once. Such a conclusion necessarily follows from the premises ; there is no alterna- 
tive. If no distinction of time has been recognised, this circumstance may be attri- 
butable to imperfection of the means at our disposal for testing the^fket. Professor 
Wheatstone, therefore, applied himself to the discovery of more delicate means of in- 
vestigation than philosophers had hitherto employed, and ultimately he adopted the 
following happy ex^lfedient : — Several miles of insulated copper wire being wound 
round a disc of wood, the coils were so arranged that certain interrupted portions of 
them corresponded with one straight line. Now each interrupted portion would neces- 

* The reader who is desirous of further studying the theory and pracUoe of marine lightning- 
conduetors may consult the following authorities “ Observations on tho Effsets of Lightning on 
Floating Bodies.** 4to. London. 1828. Harris. •< Remarkable Instances of the Proteetioa of cer- 
tain Ships of Her Majesty's Navy from the destructive effects of lightning.** 8vo. Lemdon. 1847. 
Harris. 
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sarily correspond with an electk-ic spark, on passing the discharge along the wire ; and 
^supposing electricity to occupy time in travelling, these sparks must occur successively. 
Hence the proposition resolved itself into a discovery o& some means of estimafhig the 
succession. Mere chronometric observation would have been totally inadequate to this 
end, as previous ezpeinments had demonstrated-nsoW other plaiv was required. 

Now, instead of Viewing the sparks directly, they may also 1bc viewed as reflected 
by a mirror. • If reflected by a mirror at rest, xfl> point woula have been gained ; but 
provided electricity occupied time in travelling, some evidence of this might be antici- 
pated d prton, by viewing the sparks as reflected by a mirror in rapid rotation, for 
whilst the electricity had been occupied in travelling between successive portions of the 
wire, the mirror would have been performing its revoldtions ; and having reflected one 
spark at a determinate angle on a certain part of the screen, it woql5 have reflected the 
second spark at another angle on another part of the screen, not in the same line with 
the first point. Therefoxn, suppe^sing the result to be as here assumed, and which is 
actually the case, the elements for calculating the velocity of electricity under the con- 
ditions of the experiment are supplied ; the data of subsequent calculation being the 
length of wire between spark and spark, and the velocity of the revolving mir/or. 
Professor Wheatstone found that the reflected tiparks were no longer in the same line, 
but supposing thexQ» originally to have constituted a vertical arrangement their 
reflected images assumed the form of a letter V (; •). 

This beautiful result demonstrated two points. Firstly, it demonstrated that 
electricity does not pass instantaneously through copper- wire ; secondly, it demon- 
strated that electricity — ^whatever may be its real nature — ^proceeds from the two 
extremities of a conductor towards the centre of its length : otherwise the reflections 
would not have assumed the form of a Y, but would have appeared in a diagonal 
line \. 

The data of this experiment enable us to arrive at the conclusion that electricity 
either travels through copper-wire, of the diameter used, at the rate of about 300,000 
miles per second ; or double ihfit rate, according as we adopt the theory of one or two 
electric fluids. At the lowest estimate, then, it cannot travel at a slower rate than 
300,000 miles per second, whilst light travels at the rate of less than 200,000 miles in 
the saiue time. 

Electzical Theozies. — ^In discussing the phenomena of a povTbr so subtle as that 
of electricity, it is impossible to avoid falling into the language of theory, even though 
the theory itself be not accepted as true. Throughout the fc jegoing pages it has been 
endeavoured to avoid the adoption of theory as much as possible. Accordingly, the 
duality of electric force, which is its most fundamental quality, has generally been 
indicated by t^p letters, A and B. Occasionally the terms vitreous and resinous have 
been omployeu, also the terms positive and negative ; but always under the assurance 
of their conventional use merely, and without assuming their employment to involve 
any theory. It will be necessary, hdWevor, in the chapter o# galvanism or voltaic 
electricity to use the language of theory more generally than heretofore; without its 
adoption as a gross method of communicating ideas it would be exceedingly difficult, 
if not impossible, to expound important phenomena. 

Any one who has studied the phenomena of electricity with moderate attention, 
cannot have failed to associate with this agent the idea of a fluid physical entity — of 
something that admits of being collected together like water in a pon^ and of flowing 
oh, when set free, like water in a river. Hence, the term electric fluid was,, very early in 
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the history of the science, adopted, and was long accep^d as the representative of a 
real physical entity. 

But%c assumptio/1 of one f^uid, except under certain stipulalions, is incompatible 
with actual phenomena. Wo have seen electricity to bo a dual force ; that one kind 
of electric influence cannot exist without a proportionate amount <t^ the other being also 
brought into operation. This duality is a fundamental quality d electricity, also of 
magnetism, and is the gilind distinctibn between them and the force of gravitation. 
Two theories of the electric fluid have been adopted, — one by Franklin, the other by 
Bu Fay. The latte^ philosopher accounted for the dual manifestations of electricity, 
by referring thlsm to the operation of two actually distinct electric fluidsr— the vitreous 
and the resinous. 

Franklin, on t1[^9 other hand, accounted for the phenomena on the assumption of 
one fluid alone ; and as this j fluid was present in excess or the reverse, so he ima-'^ 
gined would be the electric result. So long as a body hf^<i^its normal amount of 
electricity it might be compared to a hollow air-vessel in which the aerial chaise was 
neither increased by compressioi*v nor diminished by exhaustion ; — ^whereas the A point 
of electric duality, according to Franklin, may be assimilated to the same air-vessel into 
which an additional charge of air had been condensed ; and the B point of electric 
duality to the vessel when partially deprived of its air by exhaustion. Accordingly, 
the theory of Franklin naturally introduced the terms positive and negative as syno- 
nymes of the vitreoiis and resinous electricities of Du Fay. 

It would be futile at this time to discuss the relative merits of these theories. 
Suffice it to say that the one fluid theory is incompetent to explain various electrical 
phenomena ; it is incompatible, for instance, with the result of testing the interior of 
an electrified cylinder by means of a carrier-ball. 

The two-fluid theory more nearly accords with the facts of electricity as evidenced ; 
but the opinion seems gaining ground that electricity is not so much an entity 
within matter, as a condition of matter, and that its effects ato most probably refer- 
able to an assumption and subsequent resolution of polarities. * 

Tho adoption of t]^is view very materially explains the existence of a seeming 
current, as a simple experiment will testify. Let a series of cards be arranged, as indi- 
cated in the accompanying a, 

diagram, under « which ^ \ A \ 

arrangement they may be yWK / M\ / / 

said tobepo/«riatfdfinreJ* ^ VA V A 

lation to themselves. If the first pair in the series be thrown down, all the others 
must necessarily follow; and, this occurring successively, would give rise to the idea 
of a current. 

Without adopting any theory of the electric fluid— without oven taking for granted 
the existence of such fluid or fluids — it will be generally convenient to adopt in the 
section on gali^isnsP the language of Franklin — ^to consider electricity as one fluifl 
entity, and thus to trace tho flow of an imaginary current in one direction only. It 
would be improper to close this branch of our subject without stating that the repudia- 
tion of the existence of a special electric fluid or fluids is warmly advocated by several 
philosophers, especially by Mr. Grove, a philosopher whose investigations on the subject 

* For some highly philosophic speculations on electricity considered as a force, the reader may 
consult “ Grove on the Correlation of Physical Forces.” 
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of electricity and its alUanceii are so well known. It would bo incompatible with the 
^ limits of this treatise to reproduce this gentleman’s arguments ; but they will be found 
in his “ Correlation of Physical Forces.” 

Oalwanlc ok ▼oltaic SlectziGity.— Altibiough the sources of electricity in 
nature are numerous, the physical experimenter commonly avails himself of two — 
friction^ and voltaic or gdhanie combination. The origin and history of the latter 
are as follows : — In the year 1790/ Galvam, a professor of anatomy at Bologna, 
whilst engaged in the dissection of a iiog, observed the animal’s legs to bo spasmodically 
affected when their crural nerves were touched ‘in a peculiar manner, a Subseq[uently 
he found that the result could be rendered still more manifest by employing two metals 
instead of one (the knife-blade) for establishing contact. He found that zinc and silver 
were especially adapted for producing these contractions, one metai* being brought into 
& contact with the crural nerve of the frog’s thigh, the ether with its muscular tissue. 
Speculating on this cm ^;s phenomenon, Galvani referred it to electrieity—a supposition 
long since proved to bo correct. He imagined the' source of this electricity to be the 
animal itself, and that the metals were only efficacious in affording a conducting 
channel to this electricity. A further exposition of the theory of Galvani belongs 
rather to physiology than to physico-chemistry; but an outline of it is as follows: — 
He assumed the br^n to be a source of electric influence, which was distributed to all 
parts of the body, more especially to the muscles, the ultimate fobrils of which he 
assumed to be hollow, and, like the electric jar, capable of receiving a charge by reason 
of its two bpposed surfaces. The nerves Galvani believed to have the function of elec- 
trical dischargers — ^that they effected an electric communication during life between the 
internal and the external surface of muscular fcbrils, and thus produced the electric 
I discharge. Finally, he believed that a metal might be caused to assume the function of 
a nerve—namely, to effect communication between the electrically opposed surfaces of 
the muscular febrils. 

Any theory which wes not embrace all the known phenomena of the subject to 
which it refers must be evidently unsound, and the theory of Galvani is open to this 
remark. Judged even by the evidence known to Galvani, the jtheory was incomplete. 
It failed to attach importance to the increased muscular effect resulting &om the coU' 
tact Oc two metals. Moreover, it was based on a <pctilio principii, Tho brain had 
neither been proved to be a source of electricity, neither had it been demonstrated that 
the muscular febrils were hollow — ^nor that one portion of a muscle was a non-conductor, 
other portions being conductors ; finally, itxhad not been demonstrated that nervous 
matter was pre-eminently endowed with the quality of electric conduction. The 
extraordinary nature of Galvani’s experiments brought several investigators into the 
field, and amoi^gst them several opponents. Some of these denied that the results 
wei^ in any way referable to electricity; others, admitting their electrical origin, 
referred the electridty to other sources than that indicated by Yolta. Amongst the 
.former was Fabroni, who attributed the animal contractions to ti^e effiSsts of heat deve- 
loped by oxidation Cf the metals employed. Amongst the latter was the celebrated 
Volta, who attributed the electricity to metallic contact ; and if he did not strengthen 
his own theory, he at least a nnihila ted those of Galvani and of Fabroni, by demon- 
strating that the electrical influence might be increased proportionately with an increased 
number of metallic reduplications. He took discs of silver and zinc, or copper and 
zinc, arranged them vertically in pairs, with moistened discs of flahnel between each 
pair. The apparatus thus generated, manifested powerful electrical effects, and, in 
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honour of its discorer, became known as the Voltaic pile. Although the* structure of 
this instrument was dvimetricaUy at variance with the theories of Galvani and Fabroni,. 
it was not less at variance with the theory of Volta himself. It has been stated that 
the iifttrument can 2nly be lif ought into activity by the interposition of a moistened 
disc of flannel, or other absorbent material, between each pair of plates. 

The thdbry of Volta evidentl]?* affords no raiionaiU of *thi»^ and it is still more 
incompatible with thj fact hereafter discovered, that the interp^d moisture must be 
of a kind that excrcisCIs some cheraical effqpt on one of the metals. Hence three 
questions present themselves for investigation,; they are these : — (1). Is metallic con- 
tact a sourcc^of elecfrical power ? (2). Is the electrical power from mechanical contact 
aided by chemical action? (3), Is the electrical disturbance referable to chemical 
action alone ? • 

These three qlfestiona, variously agitated, have been prominent topics of investiga- 
tion ever since the time of Vplta, and have entered as elements into aU subsequent 
theories of voltaic excitation. These theories will be further inverted to in their proper 
place ; meantime, it may be desirable to state here tifiat the theory which attri|^utos all 
the resulting electrical ..excitegicnt to chemical action is that most usually, if not 
uifiversally accepted at the i^esent time. I 

Simple and Compound Toltadc Combinations, — A. simple voltaic com- 
bination is that in which the smallest number of parts compatible Vitb manifesting the 
voltaic result is employed. For example, two metals, and a fluid chemically affecting 
one of them, is a simple voltaic arrangement, as, in like manner, is a metal placed in 
relation to two different chemical fluids, each . _ 

exercising its own specific action. A com- 

pound voltaic arrangement is one consisting ^ ^ Hii Kr 

of many simple arrangements aggregated into J 

one instrument. Thus a single piece of zinc ^ x 

brought into mediate or immediate contact 1 ^ 2 . 

with a piece of silver or copper, and both 

metals immersed in a liquid capable of acting chemically on the zinc, constitutes a 



rig. 4. 

simple voltaic arrangement. The aimoxod diagrams further illustrate this point. 
Fig. 1 represents a simple voltaic arrangement by immediate contact ; F^. 2 a simple 
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Toltaic arrangement by mediate contact ; the intermediate substance being the wires 
w w* 

Figures 3 and 4 represent compound arrangements resulting from an aggregation 
of the two varieties of limple ones previously depicted. ^ 

It has been already sta^ that the language of Franklin’s one-fluid theory affords 
considerable facilitie%*in the description of voltafc phenomena. I shall, therefore, 
unreservedly adopt it; with the express imderstanding that the adoption is made solely 
with a view t^ freility of description. .Speaking, then, according to the language of 
this theory, every voltaic arrangement may be regarded as furnishing the conditions of 
a circuit along which the current of electricity passes, and this circuit may be closed or 
broken. - Thus Fig. 1 represents a closed. Fig. 2 a broken circuit Aloi^ this circuit, 
whilst closed, a continuous eleotric current 
passes, in tension proportionate J;o the number 
of combinations simultaneously Acting, in 
qufli'tity proportionate to the area of metallic 
surface, and**the character and power of those 
FiF* 1- chemical actions which are associated with Fig. 2. 

the activity of the voltaic combination. It is desirable to acquire settled notions 
concerning the direction of this electric current; and a simple method exists of 
filing this information in the mind current passes from the metal subject to greatest 

ehmiedt action to the liquid^ thmee to the second metal, and so forward. Now, in a voltaic 
combination of zinc, copper, and dilute sulphuric acid, the metal chiefly, indeed entirely, 
acted upon is zinc ; therefore, according to the rule just laid down, the current should 
pass from the zinc to the dilute acid, thence to the copper. It does so— in short, the' 
rule is never violated ; hence, beings remembered, it defines the direction of electricity 
in all voltaic arrangements, however complex their several 'parts may be. Much con- 
fusion of language has arisen, and considerable difficulties have been imparted, by 
departing from this simple rule of guidance, and applying the terms positive or negative 
as absolute instead of relative designations. From a consideration of what has been 
said, the starting point of electricity, in ev^ voltaic arrangement consisting of copper, 
zinc, and dilute sulphuric acid, must be zinc, where that mem is in contact with the fluid. 
Hence this may be termed the beginning of a voltaic arrangement ; but the zinc can 
only impart electricity by losing electricity^ — therefore zinc is the positive metal in such 
a battery, although constituting the negative enS or pole of the bat’ery. This will be 
evident on the slightest reconsideration of the parts of which a voltaic battery is 
composed. 

Another source of confusion has arisen in applying the terms positive and negative 
to the extremities or poles of voltaic arrangements, owing to the different theories 
prevalent in relation to the cause of voltaic energy. Thus, Volta himself, as I have 
before stated,^a^ributed this energy to metallic contact alone. Hence, 
according to his views the simplest possible combination of zinc and 
copper would have been as follows : — : 

Reduplicating these simple arrangements, Volta arrived at his compound pile, which 
is represented on the following page. 

In this arrangement the electric current traverses upwards ; consequently the zinc 
end or pole of the pile is positive, and the copper end negative. But supposing Volta’s 
theory to be incorrect— supposing the electric force not to originate from metallic con- 
tact, but from chemical action, then it follows that the extreme plates of the arrange- j 
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mont may be removed without prejudice to the resiilti when the copper end would 
become positive andlihe zinc end negative, li the fact, however, be alwaye remembered 
that yie electric cu^ent passes in the manner already hescribed, no 
ambiguity can arise. * ^ 

The statement has been alrea^ made that the tension of elec* i ^ 

tricity developed frcpi a voltaic battery is, ceUrit paHbu»^ in pjo- < m-mr * 

portion to the nunfber^ of combinations ; hence it follows that in * ^ 

proportion as the number of combinations is ^eat, so do the results < t 

of voltaic electricity resemble more those produced by fnctional 4 ■wnm-' ^ 

electricity. • This fact is strikingly borne out by every phase of ^ Z . ■ ^ 

voltaic manifestation. A battpry consisting of only a few pairs of J f 

large plates, and^hich gives rise to the most stupendous physical ^ sss ^ 

effectsH-such as the fusion of* platinum bars, of clay, &c. — ^is 
incapable of giving the electric shock, deflecting an electrometer, 
or imitating in any manner the results of frictional electfflty. Provided, however, 
a sufficient number of combinations be aggregated, the ends of the poles of such a com-? 
lunation are able to affect Electrometer, and thus the kind of influence proper to 
each pole may be determined. Since the discovery of the galvanometer, however, an 
instrument which will be described further on||a far more practicable means exists of 
determining the quality of electricity proper to each end of a vffitaic battery. 

Sffects of Voltaic Electvicity .—These may be conveniently divided into 
physiological, electrical, chemical, and magnetic. 

The phyiiohgieal effects of voltaic electricity chiefly refer to the production of 
involuntary muscular contractions, and of shocks similar to those produced by a Leyden 
jar. The kind of battery best adapted for this class of experiment is one composed of a 
large number of series— not less than two hundred— but the individual size of each of 
the series need not be large, nor is it necessary to employ, for exciting the apparatus, 
a chemical mixture of great streng^. The most convenient/orm of construction for a 
battery of this kind will be made apparent hereafter, when the different p-riafiTig 
varieties of voltaic apparatus are explained ; and the physiological agencies of voltaic 
influence being remote from chemistry, the few*remarks already made under this head 
will suffice. 

ITie electric ejects of voltaic energy resemble those produced by the ordinary 
machine, more closely as the number of voltaic combinations is greater ; sthe similarity 
of effects, in other words, is proportionate to the number, wi^out reference to their 
size. 'When the combination is sufficidhtly numerous, all the effects of frictional 
electricity may be produced, and conversely, as Dr. Wollaston has shown, all the 
effects of voltaic energy may be produced by employing frictional electricity with 
certain necessary precautions. The dotermination of these points wek^eiy necessary, 
in order that the identity of voltaic influence and electricity might be established. At 
present the identity m demonstrated beyond al^ controversy. 

Although the electrical effects of voltaic arrangements may be accomplished by the 
ordinary machine, yet the variation as to degree between these classes of effects is so 
very great, that certain phenomena may be practically considered as belonging especially 
to ^e effects of voltaism. 

Cbmbustion and Incandescence. — In the section of frictional electricity, the power of 
that ag^nt in effecting combustion of substances under given conditions was shown. 
The result was demonstated to be, ceteris paribus, proportional to the obstruction opposed 
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to the electrical current in its passage; hence, its comhustive efibrts irerenmited,*so far 
as relates to conductors, to those having a small sectioned area. I^e quantity of electric 
dity capable of generation in a* given time from our largest voltaic arrangenynty is 
greater, beyond all calculable proportion, than that from* our largest electric machines ; 
hence, the'combustive^effects of the voltaic battery are very brilliant. 

A few experiment may now be given indicative of the chief phenomena of voltaic 
combustion and incandescence. As a sj^cial de^ription of t^.e j^ctical construction 
of voltaic batteries will be deferred to a further part of this section, it is desirable to 
state that the best kind of battery for developing the eiFects presently to be detailed, is 
the invention of Mr. Grove. Of all known arrangements, thi^ batte^ ev olves the 
greatest amount of voltaic influence in a given time, apd from given dimensions. A 
minute description of Grove's battery will be given Weaftcr ; moantj^nie it is necessaiy 
to state that, amongst other variations from the materials of the voltaic arrangements 
already noticed, there is the important one of substituting'^ platinum for copper. 

For the first experiniont, tht d$flagmtion of metallic foils, it is desirable to provide a 
polished metallic plate, about 3^ inches wide by 12 or 15 long, and soldered at one 
extremity to the positive wire or pole of the voltaic b^Jtery ; inclined, when usqd, 

by any convenient support at an angle of 
about 45°. The metallic foil [to bo de- 
flagrated is now attached to the extremity 
of the negative wire, and brought into 
contact with the plate. Deflagration will 
immediately ensue, if the battery be in 
good working condition ; but, in order to 
sccuro its equable continuance, the foil 
requires to be brought into contact with 
different portions of the metallic surface, 
inasmuch as the deflagration being at- 
tended with oxidation of the metal, dulls 
the plate, and thus prevents good metallic 
contact. In these and similar cases of 
voltaic ^(Combustion, tbc amount of effect is proportional to the amount of electricity 
which passes, and this is proportional, chemical action being equal, to the size of the 
plates, independent of their number ; but, on tho other hand, a certain amount of in- 
tensity requires to be given to the voltaic influence in order to enable it to force its 
way through any badly conducting body -^bich may lie in its ]mth. For example, 
referring to the last experiment, it would bo found that if a voltaic combination of 
only ono pair of plates had been used, the resulting influence would scarcely have been 
able to force way through the superficial coat of dulness which collects, owing 
to oxidation and other causes, on the surface of all metals. By increasing the number 
of combinations to five or six, the degree of intensity is imparted necessary to over- 
come those casual obstacles. Still, even under the latter circumstances, soTeoble is the 
tension of the passing electricity, so slight its endeavour to escape, that the conduct- 
ing wires of the battery may bo handled without communicating a shock to the 
operator, and without dissipating the voltaic current which is passing. Frequently 
tho prosecution of experiments with voltaic . electricity of weak tension is facilitated 
by amalgamating the metallic bearings, by which treatment ahsoli;te metallic contact 
is insured^ For extemporaneous dispositions of apparatus, this treatment is sometimes 
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desirable; but, generally speaking, recourse should not bb had to the expedient in instru- 
ments of costly nature and limited power of accommodation between their points of 
adjusllhcnt Amalgfmation, jn the latter case, rapidly destroys the bearing surfaecf 
and thus the instrument, although more powerful at first than it would have been had 
mercury not been used, is rapidly destroyed. Whilst performing t^e deflagration of vari- 
ous metal^ the expeijmenter will observe each metal to bum wilh evolution of its own 
peculiar light. Gold loaf evolves a bluish-wjute light, crumbling into a dark-brown 
oxide; silver yields a light of an emerald-green colour ; copper bums with a bluish- 
white light,^ttenddfl with the evolution of sparks; lead evolves a purple; andxinc 
a brilliant white light inclining to blue, and fringed with red. 

The deflagration of steel wim, whieh required such considerable power of fictional 
dectricity, may Ibadily be aceoqiplished by means of 
voltaic influence, even with p battery of small dimen- 
sions. The best way of conducting this experiment 
consists in establishing contact between the steel wire 
and a surface of mercury in communication with the 
negative end of a voltaic battery, as represented by the 
accompanying diagram. » 

Substituting other metallic wires, each metal will 
be seen to have its own measure of voltaic combusti- 
bility; and on referring to a list of conductors, arranged 
according to their conducting power, it will bo found 
that the metal which conducts electricity least per- 
fectly is the most easily deflagrated. This result is 
consonant with w'hat we have already seen in our 
investigations of frictional electricity. 



By arranging two metallic bars as represented in the diagram, the relative difference 



between the length of silver wire and the 


of combustibility subsisting between dif- 
ferent metallic wires of equal size maybe 
readily appreciated. Supposing platinum 
we to bo stretched across these slanting 
metallic bars in contact with bq^ at the 
point represented in the diagram, and to 
become barely incandescent, then silver 
wire, in order to be made incandescent 
to the same extent, must be held Arm 
down in contact with the bars, at a point 
where the distance between them is less, 
as represented at s ; the difference 
length of wire~thus rendered 


equally incandescent by the 
same battery-power— may 
be considered proportionate 
to the respective capacities 
of silver and j^atinum for 
conducting eleetricity. 



A very elegant way of 

demonstrating the fact deduced from the last experiment is as fpllows Ptnonre some 
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pieces of platinum and silver wii% of equal dimensions, and twist their ends together in 
such a manner that a compound arrangement may result; and suspend the combina- 
tion by either end from' the terminal wires of a voltaip batter/' in action. 12 the 
dimensions of the wire be correctly apportioned to the power of the battery, all the 
silver lengths will rexqain obscure, whilst all the platinum lengths are illuminated. 
The experiment, if performed in a darkened apartment, is very strung. 

The most brilliant effect of voltaic combustitn, or rathcif incandescence, results 

from causing the influence 
to pass bfeliween ^wo charcoal 
points, attached' res^etivoly 
to cither terminal wire of a 
voltaic bat^fery. 

. When the apices of two 

, ^ conoidal pieces of charcoal 

are brought into contact, after haviflg been attached to the terminal wires of a voltaic 
battery in operation, as represented in the accompanying<diagram, a vivid spark appears, 
and the charcoal points immediately 
assume a most vivid state of ignition, 
without suffering combustion at all pro- 
portionate to the light evolved ; indeed, 
if the charcoal points be immersed in oU, 
in water, in racuo, or in hydrogen or 
nitrogen gases, the same brilliant light, 
slightly modified, is evolved— -a fact whiph 
sufficiently proves the phenomenon not to be entirely referable to ordinary chemical 
combustion. If tho battery employed for the performance of this experiment bo of 
adequate strength, the charcoal points may be separated considerably from each other, 
when a broad and vivid Cjtc of flame, possessing extraordinary heating power, joins 
the two charcoal points ; and the most infusible bodies, when placed within the limits 
of this arc, are either fused or dissipated in vapour. 

All charcoals do not answer equally well for this experiment ; the facility of incan- 
descence ^being almost directly proportionate to the density of the charcoal. Hence 
that resulting from the destructive distillation of box-wood or lignumevittc is the best 
«that can be made from wood. It is necessary, also, that the charcoal be thoroughly 
well burned— for which purpose the box-wbo^, or lignum vitaj,i,may be imbedded in a 
crucible full of sand, and exposed to an intense fumace-heat. 

The best sort of carbonaceous matter for the purpose is made by buming a mixture 
of sugar and powdered coke. 

The light de'^teped from such incandescent charcoal points is so intense, and the 
primary colours are so well mingled, that it would seem admirably adapted for puiposes 
of illumination. All attempts, however, hitherto made in this direeff on have practically 
failed, chiefly on account of the intermittent nature of the light— a consequence of tho 
gradual destruction of the charcoal terminals, and tho ever-varying contact resulting. 
Some ingenious mechanical contrivances have been adopted to remedy this latter defect ; 
.and a certain amount of regularity of incandescence has been gained by employing the 
dense artifleial carbon of sugar and coke : the objection, however, has not been over- 
come. If the electric light should be rendered intermittent, the economy of its applica- 
tion would constitute the next point for determination. It would be necessary to 
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employ a battery of such kind that the product of solution going on within it should 
be conynercially avaijpble ; and the proceeds of its sale, together with a fair remu-^ 
neration for the light eyolved,* should cover the total ‘expense of apparatus, wear and 
tear, and superintendence. 

Tht chemical agemies of voltaic clcctrioity are very remarkiAle. Their discovery 
was first made in this'^ountry ; the development of their laws is flso chiefly due to our 
own philosophers ; and perhaps the most brilliant discovery ever made in chemistry 
was the result of suyessfully applying them— I allude, of course, to Davy’s master- 
discovery ef potassium and sodium. 

The first chemical agency of the voltaic battery which came under the notice of 
philosophers was decomposition of water. This discovery was made, in the year 
1800,* by Messrs i^icholson anfi Carlisle, who, operating with common voltaic 
pile, composed of zinc and copper pairs, with moistened flannel between, perceived th« 
odour of hydrogen gas. They naturally assumed tha^ the h} 4i&gcn thus liberated must 
come from the water employed to moisten the plates, and that the dccompofition. of 
w^ter must be referable to the dgcncy of the pile. Prosecuting their inquiries, these 
philosophers next tried the efl^ct of passing the voltaic current through water, causing it 
to form part of a circuit, whereupon they demonstrated the correctness of their previous 
supposition — ^watcr was decomposed ; and by slightly varying the form of apparatus, 
hydrogen and oxygen gases were separately collected. 

The accompanying woodcuts illustrate the means of performing both these experi- 




ments ; Fig. 1 referring 4o an arrangemeqjb by means of which water is decomposed, 
and its constituent gases collectively obtained; Fig. 2 to a modification of that 
apparatus, by means of which the two gases may be obtained separately. 

The preceding, and all other decomposing effects of voltaic electricity, take place in 
imperfectly-conducting bodies, in which the electric current meet! with a certain 
amount of impediment during its flow. The obstruction, however, requires adjust- 
ment, in order that tile operation may succeed.# Certain bad conductors require to have 
their conducting powers increased in order that energetic decomposition may take place. 
"Water is of this kind. Considered in relation to electricity of high tension, such as 
that produced by the ordinary electrical machine, water is a very good conductor ; but 
considered in relation to voltaic electricity of low tension, it is not. If, therefore, the 

• “Phil. Mag.,” vii.; and “Nicholson’s Journal,” 4to, Iv., 1831. Subsequently, the chemical 
effects of voltaic electricity were more accurately examined by Hisinger and Berselius (“ Gehlen’s 
Journal,”!. 115). 
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battery do not consist of a great number of plates, the decomposddon of water will not 
I leadily be accomplished, without increasing the conducting powei^ of that Hquid^ Thia 
is usuklly effected by the addition of a little acid, or coxdmon salt. 

When the decompqutlon of water is effected ii^ an apparatus which a^its of the 
two gases being ctoIt^ and collected separately, it will be readily observed that the 
hydrogen is invariably Kberatcd from one end of^ the battery, oxygen from the other. 
It will be seen, moreover, that hydrogen invariably corresponds with the negative, 
oxygen with the positive end : the question, then, naturally arisef^ why this apparent 
election ^ The question involves an important theory of chemical /combination, 
proposed by Davy, and called the thetro-ehmieal tJieory^ 

Accepting the voltaic decomposition of water as the starting point of further 
investigations, and extending the observation of parallel experiments to other cases, it 
1^1 be found that the deGom])Osition of compounds, wheh submitted to the agency of 
voltaic ^wer, 'is generSej: not sprcial. Not alone is it exercised on water, but the 
decomposition extends to numerous other compounds. The function, however, is not 
extended to aU chemical compounds ; and therefore, fhough general, is not univers/d, 
as Davy imagined it to be. Any theory, then, which associates with an entire range of 
phenomena of one class a function only having reference to a part of them, must neces- 
sarily be defective. The electro-chemical theory of Davy is in this position. 

The chemical decompositions resulting from voltaic influence led this philosopher to 
imagine that electrical attraction and chemical affinity were identical ; and he applied 
some of the Wdamental laws of electricity to an explanation of the chemical union of 
bodies, and their subsequent decomposition by voltaic energy. 

Perhaps fbe electro-ebcmical thdory of Davy will be rendered more intelligible 
if om investigations be limited, at first, to one specific case. Taking, then, water as 
our material of investigation, it is composed of two elements— oxygen and b;f drogen. 
W'hen decomposed, oxygren invariably liberates itself at the positivo end or polo of the 
voltaic arrangement, ana hydrogen at the negative* end of the same. Now, oppositely 
electrified bodies attract each other ; therefore if wo assume hydrogen to be endowed 
with positive electricity, it should be attracted towards the negative end or pole of the 
battery ; and vic§ versd^ if we assume oxygen to be endowed with negative electricity, 
it should be attracted towards the positive pole or imd. And this is what Davy imagined 
to be the case. He imagined all elements — and, indeed, all substances generally — 
capable of taking part in chemical combinations, to be endowed by nature with one 
definite kind of electrioity ; and that two mcficcules, or aggregates of molecules, having 
opposite electrical states, being brought in contact, under favourablo conditions, would 
oombine and form a chemical compound. Hence, according to this philosopher, 
chemical is for molecules that which frictional electricity is for masses, a dual 

force, capable; of penetrating matter, and each function of duality mutually attractive 
of the othw. These premises being granted, it should follow ooi^versely, &at if elec- 
trical power of one definite strength accomplishes chemical union of particles, the 
application of electrioal power, having greater strength, should separate those particles ; 
1 ^ this is^ explanation, according to Davy, of what occurs when wat» is decomposed, 

^ oi^gen being attracted to the positive pole with a stronger attraction thau that exercised 
I by the associated hydrogen, and vice versd. 

Extending these decomposing effects of voltaic energy to various chemical com- 
pounds, it was ffiund that metals— inflammable substances in general— the alkalies, 
earths, and oxides of the common metals, were liberated at the negative pole ; whilst i 
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oxygen, chlorine, and thS acids, went oyer to the opposite extremity. It was, moreoyer, 
obseryed ffiat the pole or extremity from which an element or a compound was liberated 
from one combination, was the eataie for all. 

During a modification of these experiments it was that Sir H. Dayy made his dis- 
coyerics rclatiyo to the bodily transfcAince of certain materials whdb exposed to^yoltaic 
decomposition. He coiftmenced these inyestigations by trying vAiat would be the 
result of connecting two glasses containing water, by soUe capillary substance, such 
as amianthus, and subjecting the water in 
cither glass to toltaic agency. 

Under these circumstances he found 
that decomposition ^nsued as before — 
oxygen gas appearing sit the positlydlend, 
and hydrogen gas at the other. * He next 
yaried the experiment thus : — To the ^ 

negative cup a solution of sulphate of potash or soda was poured, and into the positive 
cup ^distilled water ; both cups ‘^ere now connected by means of some filaments of 
amianthus, and voltaic electricity passed. Under these circumstances the liquid in 
the negative cup became alkaline, and fhe liquid in the positive cup acid. When 
the original disposition of liquids was reversed, the saline solution being contained 
in the ticgatiye cup, and water in the positive, the same ultimate result occurred. 
Again, mutual transfer was cficcted when distilled water was poured into the two 
terminal cups, and a saline solution in the middle or interposed, cup, the three ^ups being 
connected by moistened amianthus. 

But the most extraordinary phenomenon in relation to the voltaic transfer of bodies 
noticed by Davy was the transmission of one body through another, the fWo possessing 
a mutual affinity without combination ; as, for example, the passage of an acid through 
a free alkaline solution, or the reverse. The three cups being arranged as before, a 
solution of sulphate of potash was poured into the negative ^p, distilled water into 
the positive cup, and a weak solution of ammonia into the cup between, ia such a 
manner that no sulphuric acid could arrive at -{-^without permeating the interposed 
ammoniacal liquor. Dispositions being as thus stated, and the battery being put into 
activity, free acid appeared at the positive pole. In like manner, hydrochloric an^nitric 





acids were caused to pass through strong alkaline solutions ; and, reversing the condi- 
tions, alkalies were transmitted through acids. 

It is impossible not to Associate the idcaaof attraction with the results detailed in 
the previous experiments ; and, acoordingly, the electro-chemical theory of Davy 
assumed electrical attraction of molecules to be identified with affinity. ' He assumed 
the total dual infiuence of the voltaic pile to bo concentrated in its two ^ds or poles, 
and arrived at the conclusion that all compounds might be resolved into successive 
binary groupings, by exposing them to the infiuence of sufficiently powerful voltaio 
attraction. The theory is simple and fascinating it is based on extensive observations 
and large generalizations ; it cannot, however, be accepted to the full extent claimed < 
by Davy, for reasons to be mentioned hereafter. Nevertheless, despite all modifica- 
tions which this theory has received at various hands, it contains within' itsrif an 
amount of verisimilitude, if not actual truth, incompatible with its total rejection. 
Modified in some form or other, it has been adopted by all chemical philosophers since 
the time of Davy, and still affords a means of classifying chemical bodies into aZsafro- 
positwea and eUetro^negativei, 
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Philosopliers ngw agree t&at the decomposition of chemicav compounds by the vol- 
taic battery is not caused by polar attractions ; that the appellation, pole, as applied to 
' the metallic terminals of a voltaic combination, invjolvcs false views, and that the 
transmission, by voltaic influence, of acids across alkalies, and vice versdj follows as a 
necessary conscqueijce of the affinity between thef two. For a, determination of these 
facts, we are indebtnd to Professor Faraday. « 

FaMda^’s SSodifications of the Polai Theory of'fToltaic Combinations. 
— Supposing the electro-chemical theory of Davy to be a true representation of facts, 
every body, whether simple or compound, should either possess or hav.3 ^e tendency 
to assume one invariable quality of electricity. Hydrogen,' and ali bodies which, 
when separated by voltaic agency from their compounds, go to the negative pole of a 
voltaic arrangement, should cither possess or have tthe tcndcncy;J(ji^ assuming positive 
.electricity. Oxygen, on the other hand, and other todies termed electro-negative, 
because of their going;^to the positive pole, should be endowed with the opposite 
charac.teri8tio. 

If bodies were naturally endowed with different kiitds of electricity, the circumstance 
should admit of easy proof. We might appeal to th6' electrometer for demonstra- 
tion ; or, more pertinently still, we might appeal to the voltaic battery itself ; for 
if a simple body, minutely divided, be suspended in some indiffiircnt fluid, and voltaic 
electricity caused to traverse the fluid, the suspended particles should be attracted to 
one polo or the other. This is not the case. The experiment has been tried with charcoal 
minutely divided and held in suspension by sulphuric acid ; it has been tried on gold 
precipitated by sulphate of iron from its solution, without the slightest positive effect. 
The greater number of bodies do nqt, admit of this kind of experiment ; but applying to 
them the analogy of others to which they are allied, it would seem that the theory 
which assumes molecules to be endowed with deflnitc electrical states, is unfounded. 

But this was not Davy’s assumption. His theory did not require so extreme an 
admission, but would bt substantiated in ali that relates to the voltaic decomposition 
of bodies, on the assumption that a definite electrical state would be assumed by con- 
tact ; and this postulate, judging froip the investigations of himself and others, seemed 
to be granted. Yolta, as we have already seen, referred the source of energy of com- 
binatiQus, which bear his name, to the contact of metals. Davy agreed with Yolta in 
considering metallic contact the first cause of voltaic cxcitemCfit, but he believed 
chemical action necessary to the sustaining of this excitement. That chemical action 
originated electricity, he strongly denied;* but Becquerd, Delarivc, and Pouillet, 
have demonstrated the contrary, f 

Yolta’s experiments on the development of electricity by contact had only extended 
to metals ; Davy’s investigations were more discursive, involving an examination of the 
electrical resium of contact between various other bodies. He arrived at the conclusion 
that a dry alkali, or alkaline earth, is excited positively by contact with a metal, and 
that dry acids,- after having been brought in contact with a mdtal, are negative. He 
satisfied himself, moreover, that acids and alkalies, in their dry state, mutually excite 
each other ; the former assuming a negative, the latter a positive condition. Having 
satisfied himself on these points, he assumed that what was true fur masses was true for 
molecules ; and these postulates being granted, the reason why certain compound bodies 
were decomposed by voltaic power was thought to be satisfactorily explained. 

Supposing, for the sake of discussion, every point to be conceded that was assumed 
• “ Bakerian Leotore,” for 1826. t ** Ann. de Chim. et de Fhys.** tome 35, 86, 87, 38, and 39. 
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by Davy, great difficultieft present thcmselyes, neverthelcss/when the theory is applied 
to actual phenomena. It should follow, if the theory held good, that the affinity of 
one chemiftil compound Jbr anoUi<^ must be less than the affinity of elements enteiwg 
into these compounds for each other. Thus, for example, sulphuric acid is a compound 
of sulphur and dxygen ; potash, a compotmd of potassium and oxygen— oxygen and 
sulphur, oxygen and pota^i^ium uniting in these cases, because either elgment is naturally 
in an electrical condition, opposed to that^f the othm^* But if the electrical similitude 
invoked bo fully home out, the two electricities, by thus combining, sliould have 
mutually neutrayzed eath other ; whereas the potash and the sulphuric acid manifest a 
violent tendency lb unite^d form a second compound. Supposing the last objection 
to be removed, there is yet another.* If the components of a substance be attracted 
towards cither polo ot*^ battery, thc3| ought, according to every electrical analogy, to 
stay there. Supposing, for example, the decomposition of water to be that under con- 
sideration — hydrogen we know is liberated at the negative, oxy^n at the positive pole. 
But this result should not ensue if the theory of Davy*were correct. The hydrpgen 
should not quit the negative, nor tlio oxygen the positive pole ; but this is contrary to 
what takes place. 

But the theories of Davy and Volta are based on a petitio principii which cannot 
be unconditionally granted ; against which, indeed, there is a preponderating balance 
of testimony — the development of electricity by simple metallic contact. Dclarive 
attributes the phenomena to slight oxidation,* and states that if the experiment be 
performed in an atmosphere of hydrogen or nitrogen, no electricity is developed. 
Professor Pfaffi, of Kiell, cannot, on the other hand, subscribe to this statement ; and 
Parrot, of St. Petersburgh, accepting the results, attributes them to friction, f 

Struck with these inconsistences of Davy's theory, Professor Faraday undertook a 
lengthened investigation of the theory of chemico-chemiool agency, and arrived at 
certain results which we may now investigate. 

The first question which this philtsophcr proposed to himsalf for determination 
was this : — Wlicthor voltaic decomposition was effected in consequence of polar 
attraction from without, or molecular divergence from within. To which question 
the following experiment afforded a satisfactory answer for one special case : — 

“A glass basin, four inches in diameter, [and four i^hes 
deep, had a division of mica (a) fixed across the upper part, 
f so as to descend one inch and a half below the edge, and be 

1 p«rfoctly water-tigfit at the sides ; a plate of platinum (5) 

three- inches wide was put into the basin, on ono side of Ihe 
X JL I \ division a, and retained there by a glass block below, so 
that any gas produced by it in a future stage of the experi- 
ment should not ascend beyond the mica, and ^use currents 
in the liquid on that side. A strong solution of sulphate of 
t magnesia was carcfully^poured, without splashing, into the 
c basin, until it rose a little above the lower edge of the mica 

I ! division (a), great care being taken that the glass or mica 

I J unoccupied or e side of the division in the figure 

should not be moigtened by agitation of the solution above 
the level to which it rose. A thin piece of clean cork, well 
wetted in distilled water, was then carefully and lightly placed on the solution at the 
♦ “ Ann. de Chim. et de Phys.” xxxix., 297. ^ “ Ann. de Chim. et de Phys,,” xlvi., p. 361. 
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c side, and distilled water j^oured gently on to it until a stratam, the eighth of an inch 
in thickness, appeared oyer the sulphate of magnesia ; all was then left for a few 
minutes, that any solution adhering to the corkimight siiik away fronf it, or be 
removed by the water, on which it now floated ; and thon more distilled water was 
added in a similar^manner, until it reached neaifiy to the top pf the glass. In this way, 
the solution of tha sulphate occupied the lower part of the gkss, and also the upper on 
the right-hand side of the mica ; bui on the ‘left-hand side of the division a stratum 
of water from a to one inch and a half in depth, reposed upon it, the two presenting, 
when looked through horizontally, a comparatively definite plane of oo«it^ct. A second 
platinum pole (s) was arranged so as to bo just tmder the frirface bf water, in a 
position nearly horizontal, a little inclination bding given to it, that gas evolved 
during decomposition might escape. The part immersed was^C^rce inches and a half 
long by one inch wide, and about seven-eights of an inch of water intervened between 
it and the solution o^ilphato of magnesia. 

The latter' pole, e, was no^ connected with the negative end of a voltaic battery, 
of forty pairs of plates, four inches Square ; whilst the former pole, A, was connected 
with the positive end. There was action and gas evolved at both poles ; but from the 
intervention of pure water, the decomposition was very feeble compared . to what the 
battery would have effected in a uniform solution. After a little while (less than a 
minute), magnesia also appeared at the negative side : ii did M make iU appearance at 
the negatwe metaUic pole^ but in the water ; at the plane where the solution and the 
water mat.* 

The platinum slip e being in contact with the saline solution, and the slip a with 
^uter, — then, supposing the thoojj^ of voltaic decomposition from polar attraction to 
apply, the results of decomposition (acid and magnesia) in this experiment should be 
attracted to either pole or slip of platinum. This view was not borne out in the result, 
as wo have seen ; but sulphate of magnesia suffering decomposition into its components, 
the latter were not attracted to the metallic slips or poles, but were deposited, or rather 
imparted^ at the surface of contact between the water and the saline solution. The 
experiment just detailed is at variance with the assumption that decomposition follows 
as the result of polar influence exercised from without : it rather points to the existence 
of seme molecular disturbance within the ^dy decomposed. Further experiments 
substantiating the view thus taken, Faraday suggested the propriety of abandoning the 
words attractive pole, together with its necessary concomitants, and the introduction of 
others less expressive of a theory provqd to be untenabio. Hitherto the term pole 
having been used as synonymous with the effective end of the voltaic battery, and such 
effective ends having been metallic, experimenters lost sight of the fact that, however 
convenient^the employment of metals for this purpose might be under all usual circum- 
stances, nevSrthelesB, supposing it desired to test a principle, fluids, and even gases, 
might be niade the effective end ; in which case, they would be analogous in function 
to the so-called metaUic poles. Am example qf two liquids^’assuming this function, 
under a particular disposition of parts, is supplied by the last experiment ; the demon- 
stration, by another modification, can also be extended to gases. 

Bepudiating the idea of attraction as at variance with his experiments, Faraday 
arrived at the oondusipn that the acting tenuinals of a voltaic battery, whether 
as in practice is usually the case, or fluid or gas, are not to be considered as 
localities of attraction, but as openings or doorways through which the electric ouirent 
« ** Famday’B Electrical Besearchee,” vol. i., p. 140. 
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enters, or issues, in its course. It was, therefore, desirable^ to adopt two appellations 
significant of the point ol exit and the point of entrance of electricity. The former 
Professor ^Faraday den^inated anodt (ayOf upwards; o5os, way — i. e., the course < 
pursued by the rising sun), the latter eat — or, for euphony, cathode (koto, downwards). 
Hence anode n^y be regarded as synonymous with poeitwe poU^ apd vice versA, The . 
adoption of these terms kd to others. It was clearly improper to rfitain terms expres- 
sive of attraction after rd^u^ating the ‘{^(tractive influence ; hence Ihrofessor Faraday, 
instead of denominating the results of voltaic *decomposition electro-penitives and 
electro-negatives, termed them anions and cathionsj terms merely expressing the 
circumstance of^their yotny to the anode or cathode. Hence, in general terms, anion 
and electro-negaave, eathion and (leetro-positivef may be regarded as synonymous. 
Finally, the term electrolysis was introduced as expressive of voltaic decomposition ; 
and all compounds amenable to such* decomposition by direct influence of the battery 
arc termed electrolytes. Between the direct and indirect decomposing agency of the 
voltaic battery it is necessary to make a distinction. 

From a consideration of the modifications effected by Faraday on the theory of 
clccty)-chcmical decomposition^ it will be recognised that the mam point insisted on 
by this philosopher is the existence of an internal divcllent power between the molecules 
of compounds exposed to voltaic agency — a divellent power called into action by the 
voltaic influence, and determining a separation of molecules towards either electrode. 
Now this is just what takes places within the voltaic combination itself— indeed, 
perhaps the best general idea that can be given of the doctrine of Professor Faraday is 
to state that he regards the substance undergoing electrolysis, or decomposition, as a 
portion of the battery ; whereas all philosophers anterior to him regarded them as 
extraneous to the battery. • 

The acceptance of Davy’s theory leads to the belief that the facility with which any 
compound admits of voltaic decomposition is in direct ratio to the weakness of com- 
bining force between the elements of such compound. Faraday's theory, however, 
leads to the directly opposite conclusion. According to it, bodies united by the strongest 
allinitics should be most readily decomposed. So far as experiment has gone, the latter 
hypothesis seems borne out. Bodies formed of a binary arrangement pf atoms may be 
assumed to possess the maximum of chemical stability; and, accordingly, Faraday 
discovers protoxides, protochloridcs, &•., to be true electrolytes, — ^but extendifljg his 
investigations to compound binary arrangements, such as metallic salts, the latter did 
not seem to come wiihin the same generalization. However, further experiment will 
be needed to settle deflnitefy the existence of non-existence of such analogy. 

Chemical Proportionality of Voltaic Ztecomposition.— <The view taken 
of voltaic chemical decomposition, and which has just been explained, has led to the 
important discovery that there exists an equivalent proportionality betvofin chemical 
results and voltaic energy. For example, if two electrolytes or bodies capable of 
direct decomposition by voltaic energy be electrolysed by inclusion within the circuit of 
a battery, then each will be decomposed, and th(? quantities thus decomposed will be 
represented by the natural atomic weights pf the bodies. Limiting this doctrine, for 
the sake of ready comprehension, to one specific case — that of the simultaneous decom- 
position of water and of chloride of silver fused— then for every eight parts by weight 
of oxygen, and one part by weight of hydrogen liberated, there will be 108 parts by 
weight of silver, and 35 '45 of chlorine ; such being the equivalent or combining weights 
of these bodies. 
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Again, if the same current be transmitted through four d^omposing cells— the first 
of which contains water, the second chloride of silver, the third chloride of lead, the 
fourth chloride of tin, all fluid, the quantities of hydrogen gas, silver, Icjjad, and tin 
precipitated at the four negative poles, are to each other as 1 : 108 : 103*6 : 57*9 ; 
whilst at the positive poles, oxygen and chlorine are separated in the proportions of 
8 : 35*4. 

Moreover, in&much as the doctrine of electrolysis, in contradistinction to tiiat of 
electro-vokaic attraction, refers the voltaic decomposition of bodies to the exercise of 
forces residing within themselves, and, as a consequence, regards them as constituting 
an active portion of the voltaic circuit, the deduction would seem t& follow that the 
total amount of chemical energy of one kind— whether a formation or resolution- 
brought into operation on one side of the voltaic battery, ^ouldbe equal to that evolved 
on the other side— understanding by the term sides of a battery, the battery itself, 
ordinarily so called, and the substance placed within its circuit for the purpose of 
decomposition. < ^ 

Thus, in the annexed woodcut, the two sidds of a voltaic combination may be said 

to be, firstly, the battery 
itself; secondly, the water 
undergoing dccompositon ; 
and it is found that the total 
quantity of zinc dissolved in 
the battery proper is propor- 
tionate with the amount of 
water decomposed; that is 
to say, for every nine parts, 
by weight, of water decom- 
posed, liberating eight parts 
of oxygen and one part of 
hydrogen, there.wiU £ave been forty-six parts of oxide of zinc generated, and eighty-six 
parts of sulphate of zinc ; such being the relative atomic weights of these substances. 
It is hardly necessary to indicate that, for the sake of precision, the battery is supposed 
to have zinc for its dissolving metal, and sulphuric acid for its dissolving agent. 

l^he application of this doctrine becomes ofigreat theoretical importance in operations 
of electro deposition. A workman desires, for instance, to throw down, on a copper or 
other surface, a certain weight of gold or 
silver ; he knows when this has been accom-^ 
plished by simply measuring the amount 
of water decomposed by the same electric 
current. Tof accomplishing determina- 
tions, an instrument called the voltameter 
is employed. It is merely an instrument 
conveniently arranged for the decomposi- 
tion of water by voltaic energy. 

The accompanying woodcut represents 
a voltameter liberating its gases into a 
collecting jar placed over the pneumatic 
trough; a h are broad platinum electrodes, communicating respectively with cither 
end of a battery. 
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I have already adverted to the curious phenomena of transference of cert^ bodies, 
under the influence of voltaic energy, through other bodied with which they ordinarily 
combine ; but a far simpler case affords abundant matter for speculation. 

Bevciting to the ordinary electrolysis of water, we find that employing an apparatus 
like that of which a section is given in the wood- 
cut, one electrode liberates hydrogen, the other 
oxygen. 

Where then, at one ei^t point, does the Re- 
composition of each atom of water take place > The 
advocates of a polar theory of decomposition reply 
to this questioS^it is tiaic ; but the reply involves 
a still greater difficulty. According to this polar 
theory, the docompositiou must ensi^ at the attracting poles ; namely, in the case under 
consideration, the sheiSts of platinum ; but, inasmuch as one pole only liberates one gas, , 
the difficulty arises of accounting for the transference of the o^er gas in an invisible 
form to the other pole. 

Among the numerous theories^med with a view to explain this difficulty, that of 
Grotthus was most rational. , He assumed that the water might be considered as 
forming a line of continuous binary particles between the two poles — something in the 
manner represented by Fig. 1 — ^th 
ends of the line ; but that the 
voltaic action was not maintained 
by the invisible crossing of oxygen 
and hydrogen. He explained the 
result more simply by assuming 

that the original disposition, as b^ween molecules of oxygen and hydrogen, was brought 
about by molecular adjustment within the sphere of their own . chemical attraction. 

Then, referring to Fig. 1, it will be seen that if we take away the 
terminal particle of hydrogen from the left l^d, and the terminal 
particle of oxygen from the right hand of the series, the elements of 
water will still remain, though not under the same polar arrangement 
as before ; in order to restore whibh, the particles must be assumed to 
2. turn in their own sphere of chemical attraction, either to the ijght or 
to the loft, as indicted in Fig. 2, whetfthe original polarity would be assumed. 

Now it will be seen that this theory may be applied to aU cases of voltaic decom- 
position. Given the condi^on of chemical affinity between two bodies, such as oxygen 
for hydrogen, or sulphuric acid for potash, ^c., an^thc theory of molecular adjustment 
is rational ; but without that condition the theory does not apply. Hence, the trans- 
mission of soda through sulphuric acid, or sulphuric acid through soda, and similar 
results which appeared so extraordinary to Davy, because of the i^^ng chemical 
affinity existing between the two, should take place according to tho theory of 
Gh*otthus, because of tl^t affinity, and should ngt be capable of taking place without. 
Although such a deduction naturally flows from the theory of Grotthus, yet it does not 
seem that that philosopher perceived them, and it remained for Faraday to point them" 
out, and to demonstrate them by numerous satisfactory experiments; one of which 
is as follows : — 

Two solutions having been prepared — one of sulphate of soda in water, the other of 
sulphuric acid in water — ^and the strength of the solutions having been adjusted in such 
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a maanei that in a given numbor of volumes of sulfate of soda there should be con- 
tained the same amount oft sulphuric acid as in an equal number of volumes of the 
aqueous solution of that add, the experiment was proceeded with as follows 

Four glass cups were arranged; seventeen measures oft,the free sulphuric acid 

were put into each of the 
vessels a and and seven- 
teen measures of the solu- 
tion of sulphate of soda 
into each of the vessels 
A and B, the portions be- 
,ing as equal as they could 
be made in quantity, and 
cujt <a8 short as was con- 
sistent with their performing the part of effectual communication. B and a were 
connected by two platinum plates or pol^, soldered to the extremities of one wire, 
and the cups a and*' j 1 were, by similar platinum plates, connected with a voltaic 
batt^ of forty pairs of plates, four inches square^ that in a being connected with 
the negative, that in B with the positive pole. 

The battery, which was not powerfully charged, was retained in communica- 
tion above half an hour. In this manner it was certain that the antrifi electric 
current had passed through a h and A B, and that in each instance the same quan- 
tity and strength of acid had been submitted to its action; but in one case 
merely dissolved in water, and in the other dissolved and nlan combined with an 

On breaMng the connexion with the battery the portions of asbestos were lifted 
out, and the drops hanging at tlft ends were allowed to fall each into its respective 
vessel. The acids in a and h were then first compared, for which purpose two evapo- 
rating dishes were balanced, and the acid from a put into one, and ^at from h into the 
other ; but as one was a little heavier than the other, a small drop was transferred 
from the heavier to the lighter, and the two rendered equal in weight. Being neu- 
tralized by the addition of the soda solution (a solution of known and definite strength, 
each measure being equivalent to *R mciusure of sulphuric aci(}), that from a, or the 
negative vessel, required 15 parts of the soda solution, and that &om 5, or the positive 
vessel, required 16'3 parts. That the sum of ^ese is not 34 parts is principally due to 
the acid removed wiUi the asbestos ; but, taking the mean of 15'65 parts, it would 
appear that a twenty-fourth part of the acid originally in the vessel a, had passed 
through the infiucnco of the electric current fi'om n to h. 

In comparing the difference of acid in A and B, the necessary equality of weight 
was considered as of no consequence, because the solution was at first neutral, and 
would not,VtLcreforo, affect the test liquids, and all the evolved acid would be in B, 
and the free alkali in A. The solution in A required 3*2 measures of the prepared 
acid to neufralize it, and the solution in B required also 3^ measures of the soda 
solution to neutralize it. As the asbestos must have removed a little acid and 
from the glasses, these quantities are by so much too pTnall • and, therefore, it would 
appear that about a tenth of the acid originally in the vessel A had been transferred 
into B during the continuance of the electric action.* 



• ‘‘Faraday’s Experimental Researches in Electricity,” vol. i., p. 1524. 
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From the preceding experiment it appears t)iat more«acid was transferred from the 
saline solution than from the aqueous solution of acid,->a result at variance with the 
theory gf mere electri(^ attraction. Sulphuric acid, as existing in sulphate of potarii, • 
could not have escaped before^a certain force— namely, that of affinity— Jiad been 
overcome ; whereas, the force to be overcome in the second case v^as merely the affinity 
of sulphuric acid for water. 

Some of the most1be|utiful and siyrprising cases of electro-chemical decomposition 
and transfer,'* Professor Faraday remarks,* which Sir H. Davy described in his 
celebrated papei:,t vere those in which acids were passed through alkalies, and 
alkalies or eaif^^s throi^h acids ; and the way in which substances having the most 
powerful attraction for each othej; were thus prevented from coihbining, or, as it is said, 
had their natural a^nities destroyed or suspended throughout the whole of the circuit, 
excited the utmost astonishment. Wt if 1 be right in the view I have taken of the 
effects, it will appear that thatVhich made the wonder is in fact the essential conditiotC 
i of transfer and decomposition.” 

Theories of Toltaic Action.— Although some of these theories have lilready 
been casually noticed, yet it will*be desirable to state them definitely, in close mutu^ 
apposition. Dismissing altogether the theory of Galvani, who referred the effects of 
voltaic energy to an animal origin, and considered the metals used only in the sense of 
conductors ; dismissing also the theory of Fabroni, who denied ^electricity to be the 
cause of the phenomena noticed by Galvani— neither of which can be denominated 
theories of voltaic energy properly so called — the true theories of this agency may be 
classed under the binaiy division of those which refer the power to simple contact of 
metals as its source, and those which refer it to chemical action. 

Volta, it has already been stated, adopted the ibrmer view, ignoring the chemical 
results of voltaic agency altogether, os casualties. This view of the case, however, was so 
obviously untenable that it was universally abandoned. A modification of the 
theory, however, was adopted by Davy ; and indeed its adopti^on, thus modified, is a 
necessary postulate in the acceptance of Davy's electro-chemical theory. Fully 
admitting, with Volta, metallic contact to be the primary source of electric disturbance 
in voltaic arrangements, Davy believed that the restoration of equilibrium was alone 
brought about, and prolonged agency of the combination effected, by subsequent 
chemical decomposition. The theory w hence so intimately associated with the doctrine 
of electro-chemical decomposition, and has been discussed so fully under that head, that 
I need not further extend these remarks, referring the reader to pp. 218-^250 for aU 
further particulars on this subject. ^ 

Wollaston adopted a different view. He attributed all the electricity evolved to 
chemical action as its source, but did not follow this theory to its legitimate conclusion. 
The theory of Wollaston is now almost universally accepted. It is thetiAirhich alone 
accords with the doctrine of electrolysis, and it is, moreover, supported by the almost 
insuperable argument, Ijliat voltaic combinations may be made without any metallie 
contact, and that, in all the mo|t powerful voltaic combinationB, no such direct contact 
does take place ; the truth of which remark will be evident when the construction of 
voltaic arrangements shall be described. Slightly anticipating that part of the subject, 
the following experiment of Faraday may be appropriately cited in demonstration of tixe 
fact, that voltaic action, as evinced by chmnical decomposition, may ensue without 
metallic contact. 

* '^Electrioal Researches,” vol. i. t “Phys. Jour.,** 1807, p. 1, 
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If a piece of zinc and of silver be placed without contact in a vessel of dilute 
lalpburic acid, and joined by means of a wire, a simple voltaic arrangement will result. 

If the wire be now supposed to be b{K)ken in 
the middle, Sad a body such as B inserted 
between tbo two ends, it is evident that a 
voltaic current, supposing one to take place, 
will favourably ^ciibumstanced for passing 

** through B and decomposing it, if capable 
of decomposition. Noiv, if ,B be a disc of 
bibulous paper, hlle^ with^k solution of 
iodide of p^otassium and starch, and laid 
for convenience on the^ flattened platinum 
electrode P, os represented in the diagram, v/hilst ^ upper surfd£} is touched -withtho 
platinum wire F, decomposition of tho iodide of potassium ensues, as evidenced by the 
paper immediately turtehg blue. In this case it is evidlent there was no metallic 
contact 

Nevertheless, there are not wanting, especially among continental philosophers, 
advocates who still attribute a portion of the electricity evolved from active voltaic 
combination to metallic contact.^ 

The advocates of* metallic contact as being partly the cause of voltaic energy, not 
only reUed on tho experiments relative to the development of electricity by metallic 
contact, already detailed, but on the phenomena of De Luc’s electrical column, as the 
instrument is termed. It consists of a glass tube, in which are packed some thousand 
discs of paper, covered with silver on one side and zinc on the other. This instru- 
ment gives unequivocal electric indications ; and it was argued that such indications 
are a proof that the electricity is developed by contact. Except, however, the zinc bo 
protected from oxidation, the inference goes for nothing; and such protection is 
incompatible with tho conditions of the instnimciit’s construction. 

Different Forms of Voltaic Combinaitions. — The first compound voltaic 
arrangement ever made was the pile ; an inshiimcnt consisting of discs of copper and 
zinc, or other dissimilar metals intended to he used, soldered toge - 
ther, a piece of moistened flannel or card being interposed between 
each pair. To this form of apparatus the objections are numerous. 

Not only does the construction of *fluch an arrangement occupy con- 
siderable time, but during construction there is also excitation ; for 
which reason the power of the lower part of the appai-atus is con- 
siderably diminished before the upper part comes into operation. 

Moreover, the quantity of fluid employed is limited : firstly, by tho 
power of th^ flannel discs to absorb ; secondly, by tho downward 
pressure of the superimposed portions of the apparatus. The efli- 
ciency of the instrument is still further diminished by a latcral^om- 
munication of liquid passing flrom plate to plate. To^ obviate these 
disadvantages, Cruickdiank formed the voltaic or galvanic trough, which may be 
described as the voltaic pile, laid horizontally. 

Ormdaihank’s instrument was formed by joining discs of the two metals 

* On this enbjeet consnlt Dr. Chr. M. Ponlsen’s inaugural dissertation, Die contact theorie 
Tcrtheidigt gegen FatSday’s abhandlung uber die Quelle dcr Kraft in dcr Yolta’selien Saule,” 
HMdelberg, 1845. 
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together, and insertingbeach compound disc within a trodgh, at right angles to its long 
axis, and water-tight, by which means tho trough became separated by the ooznpoimd 
discs iifto many compsrtments, ^ach corresponding to the disc of moistened flannel in ’ 
the original voltaic pile. Tho trough itself was usually made of wood, and coated 
intmally witii a layer of fused 
pitch or resin, which aij^wered 
the double purpose of protect- 
ing the wood from the acid 
liquor employed; and'bf secur- 
ing the metallic discs fin their places, without permitting lateral communication to 
ensue. 

The next forin*af voltaic battery adopted the principle of the Gntrome dea Tassesj 
and consisted of two parts, — ;namely, the trough or acid container, and tho metallic 
combinations for dipping into this trough. The former is precisely similar, in general 
appearance, to the entire apparatus of Cruickshank,* though its principle is entirely 

different— the transverse diaphragms not being 
metallic pairs, but of the same material as the 
trough — and this was usually of earthenware. 
The appended sectional diagram furnishes an 
idea of this instrument. 

Dr. Wollaston it was, I believe, who next 
showed that tho power of a voltaic battery 
might bo greatly augmented by reduplicating 
; tho copper plate in the manner shown ; hence 
arose a further modification of the 
battery : and from this idea of 
Wollastou, the proposition of discarding glass or porcelain cells alto- 
gether, and forming tho copper part of a battery into cells,^wfls an easy 
transition. 

The original battery of Volta thus became greatly modified in form, and 
each modification exhibited an obvious improvement. One disadvantage, 
however, remained : tho power of the arrangement was not constant. Professor J)anioll 
obviated this incor^venienco by devisiiig his constant battery, tho principles of which 1 
shall now explain. 

Starting with tho consideration of a simple voltaic arrangement, as represented in 
the diagram, where a slip of zinc is connected by an inter- 
mediate wire to a slip of copper, and both are immersed in a 
vessel of dilntc sulphuric acid, experience pro’vys that, after 
tho lapse of a certain period, the apparatus c^Iloa to act : the 
limit to its action being partly the expenditure of acid, partly 
a deposition of zinc upqn the cop- 
per plate — this resulting from a 
decomposition of oxide of zinc by 
hydrogen. If any modification of arrangement could effect 
the deposition of copper upon copper, and renew a supply 
of sulphuric acid, tho result should be a constant battery. 

Let U8 now consider what the probable effect would bo 
of dividing the glass vessel into two halves, by an interposed layer of membrane, a 
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diaphragm of plaster of Paris, or other convenient porous holy barely admitting of 
penneation ; and filling the copper cell, not with dilate solpburic acid, as before, but 
'with sulphate of copper. Under these new conditioiu, sulphatF of copper anti dilute 
acid would become electrodes mutually to each other ; and the oxide of zinc, which, 
under former conditicms, would have been deposited on the copper, w'OuId be fiow 
deposited at the plan^ of junction of the dilute acid with the Bulpl\ate of copper solution— 
t. the diaphragm. Meantime, the electrical Cnfluence, parsing on, would penetrate 
the sulphate of copper, and determine a deposition of copper upon copper ; whilst the 
sulphuric acid of the decomposed sulphate of copper permeating She mepibrane, would 
pass into the original acid division of the apparatus, and conrpensato*for that which 
had already been expended. f 

Supposing these theoretical indications verified fas they are),^fifch a battery would 
jbe constant so long as fresh sulphate of copper was supplied, and while the materials 
of the battery lasted. 

Th^ rationide of such a battery is indicated by the subjoined diagram ; and its 
constant action depends upon the circumstance, that the copper plate, is always 


Zinc. Ck)pper. 



retmned bright — Shaving, in point oC fact, deposited upon its surface a layer of the 
same metal from the decomposing solution of sulphate of copper. It foUows, then, 
that if Ihe original plate of copper were posseaned of any inequa^ties of surface, the 
latter would be faithfully represented by the deposited layer of metal. In point of 
fact, this is the most elementary view that can be taken of the theory of electro-depo- 
sition, the simplest process of cfiPecting which consists in making the subject to bo 
copied an element of a simple voltaic arrangement. In this case, however, the subject 
to be copied must either be of copper, or of some metal possessing a wmilftr voltaic 
energy in xigfiid to zinc. Otherwise a compound voltaic arrangement must bo 
employed, fumi^ed with wires j and the subject to be copied must be attached to that 
wire which, adopting the language of theory, receives the electri|^ cuirent (cathode), and 
conducts it back to the battery. ' 

These theoretical principles have been carried out in the constant batteries of 
Bccquerel, Daniell, and Mullins ; the arrangements being most perfect in the battery 
of Daniell, although the instruments of Becquerel and Mullins possess greater 
simpheity. 

MulUns* battery consists of an earthenware trough, D, in which a cylindrical plate, 
B, of zinc, nearly equal to the trough in diameter, is pl^ed. Within the zinc cylinder is 
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inclosed one of copper,^. A bladder is tied round the up^er edge of the copper cylinder, 
C, into which fluid may be introduced by means of a row of 
apertums in the rim. ^The blad^ is now flUed with a solution 
of sulphate of copper, and coarsely pounded crystals of sul- 
phate of copper are heaped upon the copper cylinder. The 
trough is now charged with sulphuric acid, which, coming in 
contact with the zinc, act# upon it in the ordinfry way. 

Danioll’s constant battery is constructed upon the same 
general princmles ; bflt the mechanical arrangement of its parts 
is reversed— tn# coppenbeing outside, the zinc inside — ^by which 
means the principle flrst noticed by Dr. Wollaston is taken 
advantage of; nan^ly, that the^ copper surface of a battery 
should be greater than the associated zinc surface. , 

The accompanying diagram represents a section of DanieU's battery. The cell is 
composed of a copper cylinder, C 0, towards the uppe^part of 
which a j^erforated plate, P, is situated, upon which, as a plat- 
form, crystals of sulphate of copper are laid. The zinc portion 
of the battery is solid rod, z, supported above by a cross piece 
of wood, and separated from the copper cell by the membrane of 
a bullock's gullet. * 

Hitherto zinc and copper have been exclusively mentioned 
as the metals of which voltaic arrangements are fi(^imed : they 
are not theoretically the best, however ; and in the construction 
of all our most powerful voltaic batteries the combination is 
departed from. Theoretically speaking, the battery of maximum 
^ power should consist of two solids and a fluid — one solid 

possessing the maximum, and the other the minimum power of ^nity with that fluid. 
Hence, supposing the fluid to possess an oxidizing tende^sy, the best theoretical 
materials for constructing a battery should be potassium and platinum. Potassium is 
obviously out of the question ; and, on examining the list subjoined, we And zinc 
to bo the most oxidizable metal compatible with*our resources 


Platinum. 

Gold. 

Silver. 

Mercury. 


Copper. 

Tin. 

Lead. 

Iron» 


Zinc. 

Sodium. 

Potassium. 


Platinum, however, is not out of the question. ' Although expensive at flrst, it never 
wears out, and is, accordingly, employed in more than one form of powerful voltaic 
battery. The battery invented by Mr. Grove is of this kind ; conslfeiing of binary 
metallio arrangements of zinc and platinum, not both immersed in one fluid. Nitric 
acid is the fluid empl(;gred for contact with the hlatinum — dilute sulphuric acid, mixed 
with ziitric acid, for contact with the zinc ; and the two fluids aro prevented coming in 
bodily contact by the intervention of a porous earthenware cell, into which the nitric 
acid is poured, the cell being immersed within the dilute sulphuric acid. 

This battery is exceedingly powerful, but not very permanent ; and the evolution 
of nitrous fumes which it occasions when worked for any considerable length of time is 
inconvenient ; moreover, the fluid, after the lapse of a certain period, becomes heated 
even to ebullition. All these drawbacks limit the utility of the instrument ; but for 
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developing vast amounts of Voltaic electricity in limited tinu), and from a limited 
space, no other instrument is comparable with it. The accompanying diagram presents 
the scheme of ^decomposition which ensues within t^is battefv when brought into 
operation. 

In an voltaic bat^ries of which commercial zinc constitutes a* part, a considmhlc 
amount of poirer is lost by the secondary currents which are ^ up on the surface of 
the zinc H»i^ m consequence of the ipipuritiea which the ooimnercial metal contains. 



If pure zinc be employed, these secondary currents do not occur ; but pure zine cannot 
be obtained*^ at a price sujQiciently low to admit of its being employed, henee some 
expedient had to be devised for increasing the efficiency of common zinc. This can he 
effected by amalgamation } accordin'gly, it is now usud to amalgamate all surfaces of 
common zinc which enter into the construction of voltaic batteries. 

Amalgamation of zinc plates is readily effected by rubbing them, after being scoured, 
with a solution of nitrate of mercury in nitric acid. As soon as an even coating of 
mercury has been deposited, the plates should be. dipped in water, to remove tlic 
adherent acid, and then placed to drain off the moisture. 

Mr. Smoe has invented a battery hich, though not so powerful as the one just 
described, has perhaps a larger sphere of application. Instead of using platinum as in 
the above, the equivalent is silver, on which a superficial coating of ^nlatinum has been 
deposited. Bunsen substitute.^ carbon cylinders for the platinum or platinized silver ; 
the form of carbon employed being that which results from strongly igniting a mixture 
of powdered coke and sugar. The materiall arc formed into shape by moans of an iron 
mould, and afterwards burned. 


MAGNETIC EFFECTS OF VOLTAIC ELECTBICITY, 

t 

Slectro-Magnetism.— At a very early period in the history of electrical science, 
the opinion prevailed that some connection subsisted between electricity and magnetism. 
Nor is it difficult to understand the reason of this opinion. Numerous cases are on 
record of the assumption of magnetic properties by piocos of iron and steel, originally 
wo«-magnetic, after having been struck by lightning. Numerous, however, as are these 
instances, Ihe results themselves were capricious. For one case in which a piece of 
iron or steel was rendered magnetic by a flash of lightning, several occurred under 
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uircamstances apparently similar in which no such conaeq&ence followed. Accordingly, 
the opinion at length began to prevail amongst philosophers, that the connection 
betweeiFlightmng stre^es and m^^etic results did not stand in relation of catute to 
effect— that it was a coincidence, and nothing more. 

At this time, whe^ the conditions of electro-magnetic phenomena are so well under- 
stood, it excites no woiiper that the electrical experiments devise^by philosophers for 
settling the question led to#iegativc results. A vicious theory perva^ dectiical as well 
as magnetic science, and paralyzed the power of investigation. The necelsary function 
of duality, whjch the beautiful reasoning of Faraday has made an integral portion of 
electrical and magnetic study, was then unknown. Experimenters believed that either 
northness or southness in a magnet, or the condition of positive or negative, as regards 
electricity, might be ^pable each of an individual existence. Actuated by this doctrine 
they contented themsmves witl^ bringing successively each of the tenuinal ends, or, in^ 
conventional language, “ poles,” of a voltaic combination in close proximity with either 
end or pole of a magnet. But the magnetic extrcmitiies remained perfectly indifferent 
under this treatment. The no^h-pole was not attracted— the south-pole was not 
rcpdlcd — nor vice versa, Hcn^c, the deduction was arrived at, that between electricity 
and magnetism there was no necessary coiyiection whatever. As the direct conseqnence 
of such an experiment, the result could not be otherwise athan we find it ; but the 
wonder now is that the true conditions of electro-magnetic development should not 
have been discovered collaterally, or by accident. If, instead of bringing the extremity 
of each terminal wire of a voltaic arrangement successively near to eitherpolq of a freely- 
suspended magnet, the two conducting wires of the voltaic arrangement had been 
made temporarily one, by contact, and the fireelj^-suspcnded magnetic needle held 
somewhere in the vicinity of their track, then the secret reserved for the genius of 
Oersted to discover, in 1819, would have been anticipated by many years. 

Notwithstanding that the first or accidental instances of communicated magnetism 
by electrical agency were the results ef atmospheric electricity# which latter is analo- 
gous in its functions to frictional electricity, as produced by the machine, almost all of 
tlic clcctro-magnetic phenomena capable of being developed artificially require the aid 
of voltaic electricity. However, one very simpldj and at the same time instructive, 
experiment of this kind admits of being performed by means of tbc frictional n^ebine; 
and I think it deskahle to mention iff at once, inasmuch as it serves to create a true 
notion of electro-magnotic action in general. The experiment is as follows : — 

Having procured somo^copper or brass wire, wind it round a stick or ruler in siich 
a manner that, on slipping out the latter, the , 
wire may remain in the form of a helix. Next 

lake a sewing-needle, envelop it in paper (an UU vUUU^OUyVAfV/ 
imperfect conductor), lay the needle, prepared ^ 

as described, in the helix, and transmit through the whole length of wire constituting 
the latter, the charge oi a Leyden jar. On now^emoving the needle, and testing each 
extremity in the usual manner by means of a suspended magnet, the needle will be 
found to have become magnetic ; indeed, so strongly magnetic is it usually, that by 
its attraction small filaments of iron may be raised. 

Now, tho experiment in question is not capricious, ttriven the necessary conditioiu;, 
and the result is always the same : hence, even without an appeal to voltaic combina- 
tions, by means of which alone all the more impevrtant electro-magnetic experiments 
are capable of being performed, the electrical influence of a common Leyden jar suffices 
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to prove, contrary to tho opinion of some electricians before^^fho time of Oersted's 
discovery, that some real connection exists between electricity and magnetism. 

A IMe reflection will prove that, in the experiment just described, the magnetic 
polarity has been developed at right angles to the helical axis of the copper wire : at 
right angles, in other eWords, to the general current of electricity jpassingb through the 
wire. Now this isjtiniversal— no matter how varied or how complex the electro- 
magnetic arrangement may he ; and a remembrance of the ^t is an essential point in 
all olectro-mftgnetic studies. The proposition, reduced to its simplest expression, is 
this : ' AH eikctric eurrenU have a tendency to impart magnetic agency to aXl neighbouring 
hodies!* It so happens that iron and steel arc easily affected iby this«influence ; and 
hence the needle is converted into a magnet. c 

Tho memorable experiment of Professor Oersted, from the period of which the science 
of electro-magnetism dates its origin, was of this kind :- 7 -Tho ends of a voltaic battery 
having been connected by means of a terminal wire, so ^at the current of electricity — 
to use the language of theory*^ -was transmitted from one end to the other, and a 
freely-suspondSd magnetic needle having been brought near to this wire, tho needle 
became affected with all manner of irregular movements. When the wire was pluced 
above the magnet, and in parallelism with it, .the pole corresponding with the negative 
end of the battery always, moved westward. When tho wire was placed under the 
needle, the same polo invariably wont eastward. When the wire was placed on tho 
same horizontal plane with the needle, the magnet tried to assume a vertical move- 
ment ; the pole next to the negative side of the battery dipping when the wire was to 
the west of it, rising when tho wire was placed to its cast side. 

Doubtless, the student will think aU these movements complex and irregular, as, 
indeed, did M. Oersted, and all tho 'earlier electro-magnctic philosophers. There is a 
very easy means, however, of reducing them to lucid order. It is as follows : — ^Let the 
theory of one electric fluid be adopted ; let us agree to caU the end of the voltaic 
arrangement from which the electric current sets ^out on its course, positive, and the 
other end negative : next, let the student imagine himself to be an electric conductor, 
capable of transmitting the electric current, which must bo furthermore assumed to 
pass from the direction of his head t<^ his feet ; then supposing him to hold a magnet 
in his hand, directly in front, and the north pole of tho magnet 
pointed towards tho head— th^n, all those conditions being complied 
with, if a current of electricity be passed in the direction indicated, 
the north pole of the magnet will point tp tho right hand. 

Any means which exis^ for impressing directive notions, so appa- 
rently complex as are those of a magnetic needle under the influence 
of an electric current, on the memory, may be with propriety adopted, 
even though the apparatus of illustration should be a toy. .1 would 
advise the student, therefore, who is desirous of analyzing the 
apparently complex ^motions of magnetic ncrdles with facility, to 
prepare a toy of the following description Cut the representation 
of a soldier out of cork or wood ; arm him with a musket and bayonet. 
Assume the musket and bayonet together to bo a magnet, of which 
the bayonet i^the north pole. Assuming, furthermore, that a current of 
electricity passes through the soldier in the direction from head to heels, 
then the bayonet ifliould always tom to the right hand. If thb student will take the 
trouble to construct the original arrangement of Professor Oersted, and test tho appa- 
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rently anomalous mov^ents noticed by that philosopher, he will find them all to be 
stricdy accordant with the directiyc tendency of the magnet, as illustrated by the toy 
soldier.*It is to be remarked that in both Oersted’s experiment, and the experiment with 
the sewing needle and wire helix^the magnetic phenomena are the result of electricity in 
motion. This circtmstanco is universal; static electricity, or electricity at rest, 
produces no 'magnetm«effocts whatever. Another peculiar chartu^tcristic of electro- 
magnetic phenomena is tl^^t the mfluei|pe takes place across non-cbnducting materials. 
Tho influence of Oersted’s uniting wire takel eflect through plates of glass, wood, 
metal, and the resinofts plate of an electrophorus. 

The Gafganorntter.— It has been said that the tendency of an electric current 
is to cause a freely suspended m^ignctic needle in its vicinity to assume a position of 
final rest at right angles to the former. Tho exact amount of deflection, however, is 
proportionate to the strength of the voltaic battery. Far more valuable, however, is 
the indication of directive tendency which a magnetic needle discloses : it proclaim^ 
the direction in which the electric current is passing ; or, tb avoid the language of 


theory, it shows practically the direction in which and—, electricity are respectively 
developed. A single wire, as in Oersted’s original 

experiments, will serve to indicate this ^ but if the — H 

wire be made to surround the needle, the effect is to ' 1 ^ 

still more marked. An instrument of this kind is | " | 

represented in the accompanying diagram, and con- ' IW" * 

stitutes the galvanometer in the simplest form the i 

instrument can assume. I * 

Wo arc indebted to Schweigger for discovering I 

a means of enormously increasing tho deiicacy*of I 

this instrument. This philosopher proved that the 
amount of deflection was proportionate to the total 
number of insulated coils of which th§ rectangle might 

be formed ; hence the most sensitive galvanometers are those which arc constructed on 
this principle. 1 have hitherto assumed that a simple magnetic needle has been 
employed in the experiments ; but reflection wili manifest that such a needle not only 
responds to tho artificial influence determined by electricity, but to the primary 
influence of terrei^al magnetism. When, therefore, it is desired to render l;ho gal- 
vanometer as deHcato as possible, a compound magnetic needle, termed astatic, is 
employed. A compound or astatic magnetic needle is constituted of two simple 

needKis of equal strength, separated ^ghtly from 
other,* and the north pole of one exactly 
N opposite the south; pole of the second, as it is 
represented in the accompanying diagram. ^ 

Such a combination as tho one now described would have no directive tendency 
whatever as regardi^the earth’s magnetic influence; but it would bo nevertheless 
amenable to the influence of an electric cumnt. Practically, however, it is found 
desirable to have one of the magnets a little stronger than the other, by which pro- 
vision it retains sufficient directive tendency to place itself north and south, but not 
enough to interfere seriously with the indications of the electric current. 

The diagram given on tho following page represents a galvanometer in its most 
approved form. For the purpose of isolating the instrument from passing currents, 
and other causes of interference, it is protected by a glass shade; and the torsion 




The influence of a wire conducting electricity on a freely suspended magnet is 
suggestive of the idea that the conductor itself is, whilst in action, also magnetic ; and 
the truth of this assertion was demonstrated almost at the same time by Davy and 
jirago. So strongly magnetic, indeed, is it susceptible of becoming, that its power of 
lifting iron filings is considerable. Moreover, various forms of apparatus admit of 
being constructed to illustrate the directive tendency of such wire magnets. Of this 
kind are the following : — 

A circular copper wire, having its ‘ extremities passed through a cork, and to one 
extremity soldered a small plate of zinc; to the 
' other, a smalk plate of copper. Jhc arrangement, 

- as wfil be seen, constitutes a simple floating voltaic 
combinalion.’ It can rcad^y be excited by floating 
it in dndfte sulphuric acid, and will, of course, he 
free to assume any directive tendency. On causing 
either pole of a magnet to approach this little 
•• apparatus on different sides, the floating combina- 

tion will manifest various phenomena of attraction and repulsion, all explicable on the 
principles already enunciated. The instrument admits of beingi rendered stiU more 
delicate by covering the wire with some non-conducting substance, and reduplicating 
the number of turns on the principle of the improved galvanometer. Such an improved . 
instrument is represented on the following page. 

The magnetic characters of wires in the act of transmitting electric currents may 
be also rea^y demonstrated by means of forms devised by Ampere, and represented 
in the following cut. The forms of apparatus in question may be delicately suspended 
or converted by means of pieces of cork and metallic plates into floating arrange- 





EFFECTS OF PAEALLEL ELECTEIC CU?EENTS. ^ 267 


monts, similar in principle to the one described in the pre^nt number. Thus arranged, 
the flat spirals will always arrange themselves ^ 
in the direction of nort|i and south ; one definite 

side of the coil always corresponding to one t rpTl flfl 


^ 

invariable direction! of the electric current. *J|L IZ — t t* ^ 

In conformity with\>fLnciples already enun- ' — ^ 

ciated, each coil of t£e |lat helices may he I * I A 

regarded as a separate magnetic pole ; therefore * J • ▼ j 

it will readily ho s!en, that in proportion Nr N P 

as the number %f coils is increased, so in equal measure will he the amount of directive 
tendency. • | 

Mutual Zfifeet;^ of Parallel Slectric Cnrrenta. — We have seen, under the 
head of electricity considered as a static force, that is to say considered as at rest, 
that two similarly electrified bodies are mutually repulsive of each other ; it now* 
remains to examine the mutual influence of electrical currents on conducting bodies 
which transmit them. The sinjplest case is that of parallel electric currents, the 
rcsiflt of passing electricity tjirough which, in the same direction, is mutual attrac- 
tion. The reason of this will be seen on examination of the following simple illus- 
tration, in which the left sides of the 

^ — wires A B and C T> rcspcottvcly assume 

' [j a north magnetic polarity, and the cor- 

- responding right sides a south magnetic 

polarity. The left and right handedness 
are obviously determined by^rcfcronce to the direction of the passing electrical current, 
indicated in the diagram above by the arrows. hTow it is accordant with one of the 
I fii'st laws of magnetism that the opposite poles of any two magnets should be mutually j 
j attractive ; hence the two wires performing the functions above represented would j 
approach each other. , ^ 

The result in question has been made the basis of a philosophical tlieory — the theory 
of muscular contraction of MM. Provost and Dumas, and it at least is more satisfactory 
than several others which have been adduced *in explanation of the ^cnomenon. 
Certain postulates must be granted before the electro-magnetic theory of muscular con- 
traction can be atcepted. Electricity must be ■ 

assumed as identical with nervous energy. The i 

nerves distributed to nu\scular tissue must be j 

assumed to diverge in parallel lines at right iSigles , jjj 

to the muscular tissue. Granted the above pos- 11 i 

tulates— granted the existence of an arrangement Ir 
of nerves and muscular filaments, as n^presented 
in the diagram annoxed—granting the transmis- BP 
sion of electricity as sh#wn in the engraving, it i| 

evident that the muscular tissue should contract. Iff f 

It is scarcely necessary to indicate the fact, ff 
tliat if two wires, near together, parallel to each 
other, and free to move, have electricity directed .iMV. 

through them in a parallel direction, though in reverse order— that is to say, if one 
wire be made to transmit a current of electricity from right to left, whilst the second 
iJ made to transmit it in the direction from left to right— repulsion will be the consc- 
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quence ; neither will it he desirable to inyestigate the numOTous phenomena which 
can be made to manifest themselves, under the circumstances of the employment 
of two or more conducting wires near to each other on various aspects. Suflcc it to 
remark, that in this, as in every other instance di the co-operation of numerous 
mechanical forces, the effect is referable to a mean resultant of the whole. 

We have hitherto seen an electric current manifesting diffc'. cnt magnetic powers 
under different aspetts. When first remarked, these varying influences appear very com- 
plex. We may contrive, by means of d mmoria Uohnica^ to systematise them, but they 
admit of still further simplification. Bcfeiring to tbo experiment described at page 263, 
it will be seen that the strongest possible similarity subsists between a s^ii-al wire, con- 
ducting electricity, and a magnet; therefore an idea is at once suggested that electro- 
magnetism is a spiral, or rather a tangential force. This view of the subject removes 
many difficulties. At the period of the original discovery of Oersted, and for some time 
< subsequently, the idea prevailed that a force at one time attractive, and at another time 
repulsive, acted in straight linee^ between the magnet and the conducting wire. The 
opinion soon afterwards began to gain ground, that such numerous attractions and 
repulsions, ever varying, were more ncaidy suggestive of rotation. A well-devscd 
experiment of Professor Faraday soon brought the opinion to the test, and settled the 
point affirmatively. The experiment was as follows : — 

A glass cqn had its bottom perforated, and through the perforation was let the con- 
ducting wire, d C. To this the south pole of a magnetic bar, n S, 
was attached by means of a piece of thread, and the cup being 
filled with mercury, the magnetic bar of course floated. The 
conductor a h was now caused to dip into the mercury, and a 
current of elcclricity transmitted along the conductor in the direc- 
tion of the arrow, so that the current entered at a, and emerged 
at d. No sooner was electrical connection established than the 
ma^etic bar commenced rotating around the bar a b. So long as 
the electric current descended in accordance with the diagram, 
the north-pole of the magnetic bar remaining upwards, the latter 
rotated round th^ wire a by passing from cast to south exactly like 
the movements of the hands of a watch ; but, 
on causing the electric cuirent to ascend, 
the direction of the magnet was changed. 

Faraday’s next experitnent was mado for the purpose of de- 
monstrating that a conductor would rotate {huund a magnet. A 
magnet, the north-pole of which, n, is represented uppermost in 
the diagram, was placed upright in a cup full of mercury, and 
in communic!h:;«n with the conducting wire d, running through 
the bottom of the vessel. The moveable conductor a b was then 
caused to dip into the mercury, and an electric current being ^ 
passed, it was found that the moveable Conductor rotated around 
the magnet in the direction of left to right, or right to left, 
according as the electrical current was caused to pass upwards 
or downwards in the series. 

By means of these and similar experiments, it is demonstrated that a magnet is in- 
clined to rotate in a plane perpendicular to the electric current which influences it ; 
and this result is most simply explained by assuming the operation of a force 
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acting upon the pole at^vcry point of its course tangentially to the circle in which it 
moves. 

By wing a delicate.apporatu^ the magnetic pole of the earth may be made to put 
the wire in motion. 7he rotauon then takes place around a line parallel to the 
dipping needle ; hen« the rotatory wire must always be incline^, so that the solid it 
describes in revolving K a cone and not a mere circle, should incline a line parallel to 
the dip which passes throij^h its apex. • 

Another ingenious contrivance for illustranng the rotatory motion* of the wire 
round the pole of a nAgnet, has been invented by M. Ampere, and has the advantage 
of comprising v^thin itself Uie voltaic 
combination which is employed.* It 
consists of a cylindci;of copper about 
two inches high, ai^ an inch and 
three-quarters internal diameter, hav- 
ing within a smaller cylinder about 
one inch in diameter. ^ 

ffhe two cylinders arc fixqd toge- 
ther by the larger having a hole cut 
in its centre from below, the size of 
the smaller cylinder, leaving a circular 
cell, which may be filled with acid. 

A piece of strong copper wire is fas- 
tened across the top of the inner cylin- 
der, and from the middle of it rises, 
at a right angle, a piece of copper 
wire, supporting a very small metal 
cup, containing a few globules of 
mercury. A cylinder of zinc, open 
at each end, and about one and a-half 
inch in diameter, completes the voltaic 
combination. To the latter cylinder a wire, bent like an inverted U, is soldered at opposite 
sides ; and in the bend of this wire a metallic point is fixed which, when fitted in the 
little cup of merciify, suspends the ziilb cylinder in the cell, and allows a free circular 
motion. An addition to this apparatus was suggested by Mr. Barlow, and constructed by 
Mr. Newman, who fixed an additional point, directed downward fi’om the central part 
of the stronger wire, which point is adapted to a spmll hole at the top of a bar magnet. 
When the apparatus with one point only is charged with diluted acid, and brought 
into communication with the end of the magnet, placed vertically, the fine cylinder 
revolves in a direction determined by the magnetic pole which is uiJ^rmost. With 
two points the copper revolves in one direction, the zinc in a contrary one. The 
magnet employed in the experiment requires to^be powerful. 

Ampere’s Theory of Magnetism. — ^The general similarity of properties sub- . 
sisting between a spiral conductor in the act of giving passage to electricity, and a 
magnet, led to a peculiar theory of magnetism, by M. Ampere. He assumes that the 
polarity of magnets is referable to the circulation within them of electric currents 
continually traversing the molecules of which they are composed, in planes poralld to 
their axes. Similarly he imagincB the existence of electric currents in the earth ; but 
more particularly on its surface, in the direction of cast to west, in ploneB paralld to 




270 MAGNETO-ELECTRIC PHENOMENA. 

the magnetic equator. A catlse of the existence of such currei^ts he supposes to be tho 
heating influence of the sun’s rays; for it should be 
mentioned, in anticipation of the subject of ithenno- 
electricity, that heat is one great ca'.ise of electrical ex- 
citation. p 

Acting upon tho suggestions Ampere’s theory, — 
that magnets are Qonnecting bqdies through which elec- 
tricity passes in a spiral direction,— electricity has been 
applied to the formation of temporar 3 f magnets of enormous 
power. For the purpose of making these ffrong. magnets, 
bars, either straight or bept in the form of a horse-shoe, of 
soft iron are used, — a material which assumes the magnetic 
influence much more readily than smcl ; but not, like the 
latter, giving rise to permanent magnets. 

Fi^^. A represents ah instrianent of this kind. To 
avoid complexity of illustration, tho wire (insulated) is 
represented as consisting of a single layer : tho power of 
tho instrument, however, is greatly increased by laying 
layer over layer on tho insulated wire ; the two series of 
wire-ends being collected each into one metallic combina- 
tion, as represented in the diagram. 

Magneto-Slectric Phenomena. — ^Aftcr the direct 
relation suosisting between electricity and magnetism Fig. A. 

had been experimentally demonstrated, it occurred to various philosopbers to imagine 
that an inverse order of mutual dcficndcnco might possibly be made apparent ; that, 
as magnetism had been developed by electricity, so, conversely, electricity might ho 
developed from magnetism. Xow, a metallic wire, made to serve as a voltaic con- 
ductor, is, as wo have j^-cady demonstrated, a iqagnct whilst the current is passing ; 
therefore several of tho phenomena comprehended under the head magneto^clectric admit 
of two forms of expression, tho meaning remaining unaltered. The resulting elec- 
tricity may bo said to bo induced by tSie influence of another current of electricity, or it 
may be said to be induced by a magnet. 

For^ihe first development of magmt<helectritiiy yve are indebtcjl. to Mr. Faraday, 
who, reflecting on tho cflccts of induction as caused by electricity at rest, was led to 
examine whether induction might not also result from electricity in motion. One of 
his first experiments, performed with the objbet of determining this question, was of the 
following kind* : — A copper wii e 203 feet long was formed into a helix by winding it 
round a wooi^n roller ; a second helix, equal in length to tho first, was also formed on 
the same roller^'In such a manner that the threads of each helix were mutually inter- 
posed. . The wires of both, however, being insulated, there was no metallic contact between 
the two. The ends of one of these helices being placed in communication with a voltaic 
battery, and the ends of the other in connection with a galvanometer, a vcdtaic current 
was passed. Immediately the current began to flow, the magnetic needle of tho galva- 
nometer was deflected, and the deflection was repeated as soon as the contact was broken. 
Between the two periods in question, however, the galvanometer was not influcnced- 
A repetition of this experiment demonstrated the fact that an electric current, trans- 
mitted j&om a yoltaio battery through a wire helix, only induces a current in the 
• “PhU, Trans.,” 1881. 
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asBooiated helix at the 
the direction of the ii 
latter c^, it is tlie 
One of the next 
A ring of sofl^iron w] 


nomenta of making and breaking contact In the former case, 
luced cuzient is opposed to the one which induces it ; in the 




lents i^rformed in this line of illustration was the following 
taken, and enveloped in two spiral copper wires, as represented 
in the diagram, each wire being ^insulated. Of these 
spirals,^ the ends of one (a b) were ^arranged for attach- 
ment with a voltaic combination ; whili?t the ends of 
tho other spiral . (c d) were placed conveniently for 
attachment with a galvanometer. A voltaic current 
lacing now caused to circulate through the spiral a h, 
th^ galvanometer-needle was immediately deflected. 
Wiicn both helices were in the same side of the ring, 
the amount of deflection was still greater. * 

A more convenient form bf experiment consisted 
in winding the two licliccs on a cylinder of pasteboard, and connecting their ends 
respectively with a voltaic battery and a galvanometer, as before. On establishing a 
voltaic current, the galvanometer was again 
strongly deflected. On breaking the contact 
there was a similar result ; the existence of 
the electric current bcbig, in either case, 
rendered evident by interrupting the metallic 
circuit through the wire, when a spai-k was 
seen in the interrupted space. At the pre- 
sent time these magneto-electric machines 
are very common ; tho electric ciuTcnt being 
generated not by alteiuately making and 
breaking contact Avith a magnet, but by 
causing an aimaturc or keeper, fui'nishcd 
with an insulated helix, to revolve very near to the poles of a horse-shoe magnet. Tho 
arrangement in question is delineated in the accompanying diagram. 

Dia-Sllagnetic Phenomena. — ^Thc tendency df iron to be attracted by a magnet 
long seemed to bo ^ exclusive property to which no other body could lay clkim : at 
length the metal mckel was admitted to participate in this quality, though to a lesser 
degree; and philosophers began to suspect that other bodies might be similarly 
endowed. To demonstrato the existence bf this quality, however, was by no means 
easy, for the argument of the existence of iron as 'an impurity might bo adduced, and, 
considering the great extent to which this metal is diffused, not without plausibility. 

Tho merit of proving the metal nickel to bo similarly endowed jvith iron as a 
magnetic agent is referable to M. Biot. Thai philosopher demonstrated not only the 
capability of this m^al to be magnetically attracted, but the existence of a real 
magnetic polarity ; and furthermore discovered the ratio of that polarity by comparison 
Vith an ordinary magnetic needle of stecL He found the directive force of the needle 
of nickel to be alx>ut one-third that of the needle of steel. These needles were each 
eight inches long, and two-tenths of an inch wide. Each weighed about flve g;rrins. 
lu order to avoid all disturbance ffnm the presence of iron« the nickel of which the 
needle was made had been carefully prepared by. If. Thenard. 

Thus.the idea long entertained by philosophers, that iron was the only metal bus- 
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ceptible of magnetic influences, 'vas rendered untenable, ^he experiments of M. 
Cayallo, which, soon followed those of M. Biot, increased the list of erdimrily magnetic 
substances by adding to them brass (especially brass rendered by hami^ering) ; 
and also, under certain conditions, rhodium, iridium, hnd antim^nr. 

The term ordinar^y magnetic^ employed above, requires a wor^ >f oxpl(mation. We 
shW see hereafter that although the property /^f being magnetically 
I influenced is one common pe^aps to all bodids, nevertheless the kind 

* of influence differs. ' A suspended bar or needle of iron is attracted 
N \ s to either pole of a magnet indifferently ; ani*, as a consequence of 

B ® this property, if placed between the two pqfar ends^'bf a horse-shoo 

jW M magnet, such a bar will dispose ^f itself axially^ to use the recog- 

sj JH nised term ; that is to say, will place itself longitudinally between 

the two poles, as represented by the accompanying diagram. 

* Such is ^e normal condition of an iron or steel needle placed 

tinder* the co^ditiona described; and the result may be assumed 
as the type of ordinary magnetic influences. But if we should 
And hereafter--as will be the case — that certain iSbdies exist which if suspended 
similarly between the poles of a horse-shoe magnet, or in the magnetic field, — ^to 
use the language of philosophy, — arc not indifferent to tho polar influences of that 
field, but newGcrtheless do not place themselves in a similar position to a needle of iron 
or steel — then, although we must recognise the existence of a magnetic influence, some 
name must be devised to distinguish it from the phenomena of ordinary magnetism. 
Accordingly, where it was formerly the custom to divide bodies into magnetic and 
non-magnetic, they are now divided into magnetic and ^m-magnetic : all bodies 
which demean themselves under magnetic influences like iron or steel being distin- 
^guished by tho former, and all others by the latter appellation. Magnetic bodies, 
when freely suspended between the poles of a magnet, assume an axial condition of rest, 
— in other words, they^ place themselves lengthwise between the two poles. Dia- 
magnetic bodies, similarly suspended, assume the equatorial condition of rest'*~in other 
words, they place their length at right angles to the line joining the two magnetic 
poles. ® 

Now that the universal susceptibility of ponderable bodies to magnetic influences is 
so incontrovertibly demonstrated, it may seem remarkable that the^ discovery was not 
made before ; but the investigation was beset with many impediments. The earlier 
experimenters in this direction were embarrassed by doubts lest the materials em- 
ployed might not contain iron ; chemical Science not being adequate to guarantee the 
total absence of that metal. Moreover, until the science of electro-magnetism had 
been established on a firm basis, and the power of readily creating energetic magnets 
made known, tke number of experimenters having facilities for conducting the neces- 
sary investigations was comparatively small. Amongst the first who doubted the 
truth of the conventional division of bodies into magnetic non-magnetio was 
Coulombe, who so early as 1802 began^to investigate the results of suspending needles 
of various substances in the magnetic field. He arrived, however, at a false conedusion. 
Admitting the universal influence of magnetism on needles thus suspended, he ftneied 
that influence to be of the same kind as is manifSssted on an ordinary iron needle. It 
is needless to indicate that his opinion, if home out^ would have been incompatible 
with the philosophy of dia-magnetism. 

The experiments of Coulombe were followed up, and varied by the Abbe Hauy, 
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without, however, leafing to azfy positive conclusions. Subsequently the same line 
of investigation wa^ entered on by Beoquerd, who made the important discovery that 
needier of white wM and of gipn-lac, when suspended in the magnetic field, assumed 
the equatorial conmtibn of rest. This may be considered, then, as the first beginning 
of the science of diamagnetism. The investigation,, however, ofa^a-magnetic relations 
has been followed iiji]|with the greatest ardour and success by ^fessor Faraday, to 
whom we are indebted ,^or so manyicontributions to our knowledge^ of the forces 
which actuate matter. 

To expatiate further on the phenomena of magnetism and dia-magnetism would 
lead me too fas from the domains of chemistry to be consistent with the object of this 
treatise. Bufilce it to remark, that on submitting bars of various substances to the 
influence of the nuignetic field, iron, nickel, and cobalt, all point axially ; probably 
titanium, platinum, and palladium are in the same category ; but all the other metal^ 
antimony, bismuth, copper, gold, &c., place themselves at rig||t angles to the Unes of 
magnetic force ; they are repelled by either magnetic pole, and finally assume an 
equatorial condition of rest ; mother words, they are dia-magnctic. 

•Underneath is a tabulaiuview of bodies arranged according to their relations to 
magnetic force. 

Magketic Bosxes. Dia-Maonetic ^obiss. , 

Iron Cerium Bismuth Cadmium Silver *^ranium 

Nickel Titanium Antimony Sodium Copper Ehodium 

Cobalt Palladium Zinc Mercury Gold Iridium 

Manganese Platinum Tin Lead Arsenic Tungsten 

Chromium Osmium 

It may be as well, before finally dismissing the subject of magnetism, to remark, 
that it is often a point of some importance in chemical investigations to determine 
whether a mineral be endowed with the power of magnetic sittraction and repulsion. 

This is usually effected by bringing it 
near to one of the poles of a freely sus- 
pended magnetic needle to be examined. 
Far more delicate in its results, l^owever, 
is the plan suggested by Professor Wheat- 
stone, which is as follows : — ^Take a some- 
what powerful bar magnet, fix it upright 
(it matters not which pole is uppermost) ; 
^en lay flat upon it a thin disc of writing 
paper. Next take adelicate sr wing-needle, 
break off its eye, and placff it point down- 
ward vertically upon the disc of writing 
paper. Probably the nqedle may at first take a slating direction, but a point may usually 
be discovered upon wMch the needle will stand upright. By gradually lifting the disc of 
paper upward it becomes evident that the magnetic force operating upon the needle, and 
tending to restrain it in the vertical position, will become less and less, until at length 
a distance is attained, at which the needle is so delicately poised that it responds by 
deflection from side to side to the slightest magnetic influence. 

Sleotxicity as a MotlTe Foxes,— *At periods very early in the history of 
electrical science, the expectation was indulged that it might be susceptible of practicid 
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ap^ostion m s mechanical fbrce ; nor, conaidering the nlttmato^ relation between the 
iDTBterioiu agent and the difierent forma of ponderable matter, di^l the o^inimi aeem 
unreasonable. The yery earliest electrical experiments— thoae^Kyolying frictional 
elecdricit7<---only manifeat the phenomena of attraction and repvmax between material 
portiries aocordii^ to ^ed laws, and at the operaWs will. Kow nbese ooziditions are 
what the niecdianIciaF- vonld desire as the necessary elements i^/«ne generation of a 
mechanical foi^ GiTcn the practical, conditions of attractfon and repulsion at the 
operator’s will, the only remaining desiderata would be a sufficiency of force and a 
degree of economy compatible with the necessities of working expeibes. Unfortunately, 
the force of electric attraction and repulsion is deficient in both these s^quisites. Its 
power is not only inconsiderable, but the expense of generating that power would bo too 
great for practical economy. *; ^ 

« The next idea relatiye to the employment of electricity as a mechanical force dates 
from the period when Cayendish, by the synthetical experiment of igniting oxygen and 
hydrogen, proved that water reablted from that combination. The suggestion was 
made of confining a mixture of oxygen and hydrogen, in the proportion of one volume 
of the former and two of the latter, in a cylinder, equival/^nt in function to the steefm- 
engine cylinder, and igniting the mixture by agency of the electric spark. The' treat* 
ment in question is immediately suggested by the instrument termed Cavendish’s 
eudiometer ; afifi one reason why the result could not answer the purpose intended will 
be made evident from a consideration of the structure of that instrument. Cavendish’s 
eudiometer is made on the principle of withstanding the exercise of great internal force ; 
for, i^ point of fact, although the combination of oxygen and hydrogen, in the propor- 
tions necessary to form water, finally results in contraction — ^tending towards the 
formation of a vacuum — neveAelcss, there is a preliminary instant at which the force 
exercised is in the reverse direction — ^in other words, from within outwards. Hence any 
mechanical contrivance constructed with the object of utilising the ultimate collapse 
resulting from the union«of oxygen and hydrogen^ must be prepared for receiving the 
preliminary outward shock. Now, to accomplish this would be difficult, even supposing 
the economy of generating and uniting the gases required to be compatible with working 
conditions ; which it is no^ 

Far noro promising, at first sight, appears the employment of magneto-electric or 
electro-magnetic force; and, indeed, these fo^^cs have been ap|Ued to two good 
mechanical purposes at least^namely, to the construction of the electric telegraph 
and the electric clock. These, however, aje quite exceptional cases ; the mechanical 
force required for these purposes is only that necessary to generate a certain directive 
tendency, no further motive power being required. 

TTnderstaSLd^ the term medutnical force in its ordinary signification— that is, any- 
thing equal in power to the force of steam— every attempt to generate it by means of 
dectro-ma^etic and magneto-electric combinations has failed. This result is contrary 
to what might have been expected. Tlo attractive and repulsive^broe of magnets, artifi- 
cially called into emstence by means of voltaic combination, is enonnoiis ; the voltaic 
euxTcnts necessary for generating these magnets axe but small ; the expense of gene- 
rating tiiese currents' insignificant; and the chemical products collaterally occniiing 
during the voltaic action required, find a ready market. But one great difficulty besets 
the employment of these magnets, as mechanical agents ; it is this the attractive and 
repulsive polarities diminish in some undetermined but rapid ratio, in proportion as 
the mags to be attracted or repelled is separated from the magnetic poles. This is a 
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diffioulty inherent to the principle, and it seems incompatible with tbo soocessful 
em^oyment of magnc^o-electric, or electro-magnetio force, to any practical extent 

Thoraao-Blocw^ity.-*- has already been shown that heat is, under oer« 
tarn, if not under wL circumstances, a generator of electricity. For the most part, 
the eleotncityiithus d^eloped is lost to our appreciation ; but by^cmploying suitable 
apparatus the dectriJli]^ developed by heat may be caused to fiuw in a dolSnite 
channel, and to produce 'voU*marked effects. Jhe study of those cffscl^ constitutes 
the branch of science termed thermO'-eleetricUff, The electrical effects developed in this 
xnannor are not so poVerful nor so brilliant as those resulting foom voltaic foictional 
electricity ; buf#they arc exceedingly interesting, especially in relation to a means of 
estimating minute degrees of temperature. It is probable Ihat the function of thermo- 
electricity belongs to ^ conductor of heat ; but it is only under conditions of good 
conduction that the property hocomes readily manifested, — ^in other words, thermo- • 
electric combinations involve the employment of metals in thei^ construction. 

If a wire, equal in size throughout, and of any nfetal whatever, be formcd»into a 
ring, and heat applied to one pa4 of the circumference, not the#slightest tendency to 
an ckctric current will be mai^estcd. Bat if the wire be unequal in size, or, what in 
practice amounts to the same, if a knot i)e tied in a wire of equal size throughout, 
then a current of electricity will be established, from the part to which heat is applied 
to the locality of the knot. Such, then, is the simplest conslxucti(m*of which a 
thermo-electric generator admits. 

The thermo-electric disturbance and current arc, however, most powerfully gene- 
rated when two metals are used instead of one, — 
the conducting power of both the metals for heat , 
being different. The most convenient form of 
combination results from the junction of the two 
dissimilar metals at an angle similarly to the 
letter Y ; and, perhaps, tho best metals that can 
be employed in this case arc bismuth and anti- 
mony. If heat be applied to the apex of junction, 
a current of electricity will become cstabliabed* 
in the 'direction from the point of junction towards the extremity of th% metal 
which is the worseipondnetor for heat-^that is to say, in the case under consideration, 
to the antimony, 

Experiments performed with the object o^determining the relation in which certain 
metals stand to each other, in a thcrmo-clcctric soxxsc, have led to the arrangement of 
the following series 

Bismuth Tin Zinc 

Platinum Copper Iron 

Lead Silver Antimony 

From an examination af which wo remark that the most powerful thermo-electric 
combination will result from' tho combination of bismuth with antimony. However, 
oven by the combination of these extremes, the total amount of electricity generated is 
too inconsid^able to produce gi'cat effects ; and to demonstrate the most interesting 
functions of ^enno-electricity, compound arrangements of metallic pairs must bo em- 
ployed. The method of forming these compound metallic arrangements will readUy 
suggest itself ; nothing more being required than to join, by soldering, several of Hie 
Y-shaped simple combinations together, as represented in tho diagram aboTC* 
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In this diagram the letters a and b stand for antimony aftd bismuth respectively, 
plates of which are seen to be joined alternately at their ends, B({i that every alternate 
soldering is in the same plane. The extremities of the terminalVtplanes are ftunished 
each with a wire, for the purpose of transmitting the generated electricity in any direc- 
tion. The apparatucris electrically excited by the application offbeat one series of 
apices, whilst the other series are kept as cool as possible. It bo evident, on consi- 
deration, thai: the Y-shaped combination is not a necessary condition to the existence of 
the instrument ; indeed, the above-mentioned form is somewhat inconvenient, but at 
the same time it is very explanatory of its functions ; therefonf the subject of thermo- 
dectricity is most profitably studied by commencing with its description. The idea of 
these compound thermo-electric combinations originfated with Kobili, and it has been 
taken advantage of by Melloni in the constructibn of his exceedingly delicate ther- 
' mometer. The idea of constructing a thermo-electric battery — as one of these compound 
arrangements may be termed — pay have been suggested by the construction of a com- 
pound voltaic arrangement, to which it presents a certain similarity. In the functions 
of the two, however, there is this remarkable differecice*-by increasing the number of 
pairs in a voltaic battery,' the intensity of the resulting^ electricity is alone increased; 
whereas, in a compound thermo-electric combination, both quantity and intensity are 
proportional ^ the number of pairs 

employed in the series. The thermo- r — ^ 

multiplier of Nobili consists of about 1 1 m, ] | 

fifty pairs bf antimony and bismuth bars, J 

joined together by the alternate ends, 
and protected from immediate ccntact elsewhere by means of some non-conducting 
material. To each end is attached a wire, which is represented by c r, passing through 
an ivory collar. 

The instrument is completed by inclosing it in two metallic sheaths, m m, blackened 
intenially and at the eSbtremities, but polished tod bright elsewhere. Thus finished, 
we obtain a means of absorbing radiant boat, and communicating it to one series of 
soldered junctures, a consequence of which is the development of an electric current, : 
which may be made to communicate its influence through the terminal wires, e e. These i 
wires S}eing placed in communication with a galvanometer, the magnetio needle of the 

latter is deflected proportionately with 
the amount of electricity set in motion, 
and therefore proportionatdiy with the 
quantity of heat absorbed. By means 
of this delicate instrument, changes of 
temperature amounting to no more 
than the -y^th part of a degree of 
Fahrenheit’s scale are easily recognisa- 
ble. The accompanying illustration 
represents the apparatus of Melloni, 
being a combination of Nobili’s arrange- 
ment with the galvanometer, as em- 
ployed for the purpose of ascertaining the transmissibility of heat (diathermaniety) 
of various laminae. 

Although I have mentioned the common galvanometer to be employed in connection 
with the thermo-electric bundle, yet, strictly speaking, this is not so. The wires are larger 
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than those of the ordinary galvanometer, and the length of wire or circuit is not so 
long as in the ordinarl^ form of that instrument. This modification is rendered neces- 
sary hy4ho very weas tension or power of overcoming obstacles possessed by thermo- 
electricity. The diwlcnce between tension and. quantity as applied to electricity I 
have already explain^ at page 210 of this treatise. 

An interesting cor^ation between he&t and electricity is manifested by passing an 
electric current througn a |ihermo-electr^ combination, whether sint^le or compounded. 
Under 'these circumstances, assuming the apparatus to have been of one* temperature 
throughout at the conftnencement of the operation, the surfaces of junction become 
hot, thus proving that the same instrument which liberates electricity on the applica- 
tion of heat will liberate heat on the application of electricity. If a source of cold be 
applied to the extremity of the apji^atus at which the electricity would have escaped, 
supposing the applicaSon of heat to have been made at the soldered junctions, then the 
latter portions of the instrument become greatly reduced in temperature~so greatly* 
indeed, that if a little hole be bored into the substance of the*metal and filled with a 
drop of water, the latter becomes speedily frozen. * 

jIl consideration of the lawg oi thermo-electricity led to some most interesting con- 
clusions. For example : it presented us with a probable explanation of the cause of 
terrestrial magnetic direction. That a freely suspended magnet should tend to place 
itself in a line from north to south was long a mystery so remoteriri>m the conceptions 
of philosophers, that no hope was entertained of arriving at its solution. At present 
we have a plausible explanation of the phenomenon. It has already been demonstrated 
that a suspended magnetic needle, free to move in any direction, places itsdf at right 
angles to a neighbouring electric current : hence, in order to explain the directive 
tendency of a magnet from north to south, it is onl}^ necessary to assume the existence 
of an electric current at right angles to it. Now the earth is warmed by the sun's 
rays in the direction of east to west, and a consequence of this heating must necessarily 
be the generation of an electric cu];rent in the same direcljoiu A consideration of 
the relations subsisting between dectric currents and magnetic force will show that 
our globe should be magnetic in a lino at right-angles to the ecliptic. In point of fact, 
it is very nearly so ; and, probably, would exactly\}oincide with that line, were there no 
secondary electric agencies in operation. This explanation is in aedbrdanoe with 
Ampere’s theory o& magnetism ; for tlfe purpose of illustrating which Hr. Badow has 
constructed an apparatus representing the supposed magnetic condition of our globe in 
miniature. His apparatus consists of a hollow sphere of wood, in which electrical currents 
are made to circulate, similarly to the prdlumed direction of those in our own globe. 
By placing an astatic needle on various parts of the surface of the apparatus in question, 
it was found that all the phenomena of terrestrial magnetism were closely jpiitated. 
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THE CHEMISTET OE INOEGAEIC INDIES. 

To one who is bu^'^slightly acquainted with physical and ch^nical piiilosophy the ; 
term “ inorganic*’ «viU require no explanation. It will assoef:/,e itself with a series i 
of bodies apd phenomena standing v'cll apaft from all others by virtue of ehjiractcr- 1 
istics rather appreciated than capable of definition. To ave^ that inorganic bodies 
are those which are not endowed wdth pails capable of sustaining the functions of life, 
and that organic bodies are the opposite, is to rush at once hpon thli great difficulty. 
The question, What is life ? forthwith presents itself for response, and the terms of this 
response have never yet been agreed upon. 1 ^ 

Notwithstanding this theoretical indistinctness of characteristics, by far the larger 
portion of the bodies termed inorganic suggest no difficulty whatever in respect of the 
binary classification. It is onty when w'e arrive at the more abstruse examples of 
combination that a question exists. The elementajiy bodies, whether non-mctallic or 
metallic, arc necessarily removed beyond the limits of d jubt. A similar remark applies 
to all their binary combinations. Entering apon the domain of ternary, quaternary, 
and stiU more, complex unions, doubts begin to arise whether the result should be 
considered inorganic or organic /—doubts, however, which rather belong to metaphysics 
than to physics, inasmuch as they are dependent on the relationship which may be 
deemed proper to subsist between certain qualities and certain definitions. 

It seems to be an immutable law of nature that the boundaries which man sets up 
between different sciences, and different branches of the same science, shall be swept 
away by the progress of discovery. The time was when the expressions chemical and 
mechamcal philosophy were considered to belong to two departments of science 
essentially different from each other ; yet, since the molecular constitution of matter 
has been brought withth the chemist’s scope, that opinion has been necessarily aban- 
doned. Again, in chemical science, acknowledged as such, the time was when bodies 
were divided, without doubt or question, into the three primary classes of Mineral, 
Animal, and .Vegetable. As the tide of investigation rolled on, philosophers discovered 
that they were not in possession of any certain sign indicative of the limits between 
vegetable and animal life, when at once fell to the ground the tfliplo classification of 
bodies, and the binary classification of inorganic and organic took its place. This 
latter, we have seen, is not free from doubts and objections ; but we must fetain it for 
want of a better. 

Slemi^ntaxy Bodies.— Chemists arc acquainted with 64 elementary or simple 
bodies ; thax i/ to say, bodies which have never yet been decomposed. The appended 
table represents their names, their conventional symbols, and their atomic weights 


Aluminium . . 

Al. 13-7 


Calcium . . 

. • sj • Ca. 20 

Antimony . . . 

Sb. (Stibium) 12-9 Carbon . . 

. . . C. 6 

Arsenic .... 

As. 75 


Cerium . . 

. . . Ce. 47 

Barium .... 

Ba. 68*.3 


Chlorine 

. . . Cl. 35 

Bismuth . . . 

Bi. 213 


Chrome . , 

. . . Cr. 26-7 

Boron .... 

B. 10-9 


Cobalt . . 

... Co. 29-5 

Bromine . . . 

Br. 80 


Copper . . 

. . . Cu. 31-7 

Cadmium . ... 

Cd. 56 


Didymium . 

. . . D. 
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Donarium .... ^Do. Pelopium ..... PI. 

Erbium ....IE. Phosphorus .... P. 32 

Eluoriw} . . . / F. 18*9 Platinum Pt. 98*7 

Glucinium . . . I G. Potassium ..... K. (Ealium) 39*2 

Gold ... m , .y. Au. (Aurum) 197 Rhodium . . . , . R. 52*2 

Hydrogen ... ^ • II. 1 * Ruthenium . . . .•^ . Rt. 52-2 

Ilmenium . . . • H Selenium Sc. 39*5 

Iodine I. 127*1 Silicon Si.* 21*3 

Iridium . . . . * Ir. 99 Silver Ag. 108*1 

Iron . . . \ . • Fe. 28 Sodium Na.(Natrium)23 , 

Lanthanium . . . La. Strontium Sr. 43*8 

Lead Pb. 103*7 Sulphur S. 16 

Lithium .... * L. 6*5^ * Tantalium Ta. 184 

Magnesium .... Mg. 12*2 Tellurium Te. 64*2 

Manganese .... Mn. 27*6 Terbium • . . . *^ . Tr. ^ 

Mercury . . . . * . Hg. 10(^ Thorium Th. 59*6 

Molybdenum . . . Mo. 46 Tin ....... Sn.(Staxmum)59 

Nickel Ni. 29*6 Titanium Ti. 25 

Niobium .... Nb. Tungsten, or Scheelium ^.‘(Wolfram) 95 

Nitrogen . . . . N. 14 Uranium. . . . • . H.^0 

Norium .... Nr. Vanadium Va. 68*6 

Osmium .... Os. 99*6 Yttrium Y. 32*2 

Oxygen .... 0. 8 Zinc ..*..... Zn. 32*6 

Palladium .... Pd. 53*3 Zirconium Zr. 22*4 


Glassification of the Simple or Elementary Bodies. — Various schemes of 
classification have been proposed or adopted by different authors for the classification of 
the simple bodies. Davy, Ampere, wd Berzelius adopted tHe^classification of electro- 
positive and electro-negative, modified by Faraday, for reasons already explamftd, into 
the classification of anions and eathions. Other chemists have divided elementary bodies 
into combustibles and supporters of combustion. •Professor Graham separates them into 
groups dejKindent on a general analogy of properties, and more especially on their 
isomorphous replacement of one anotlipr. To the electro-chemical divisions tfie objec- 
tion may be urge^ that they are either founded upon hypotheses, or that they are 
practically incomplete. The classification of combustibles and supporters is open to the 
graver objection, that in the act of combusHon neither of the bodies mutually operating 
on the other can, in the strict acceptation of philosophy, be said to be exclusively 
supporter or exclusively combustible. As concerns the principles of classtfiyation chosen 
by ProfeiBsor Graham, it seems open to no objection cm the grounds of philosophic 
appositeness, but, practically csonaidered, it is not the most convenient. 

The division whicl^ 1 shall pursue in this treatise is the one into which chemical 
elements naturally resolve themselves in the mmd of the praetioal chemist, and this 
irrespective of any theoretical oonsiderationa. The classificatioB in question is shown by 
the accompanying scheme— 

(Non-metallie 


Simple bodies 4 


Metallic 


[ Kaligenous 
Terrigenous 
Calcigenous 
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LIST OF NON-METALLIC SIMPLE BODIES. 


Oxygen. bromine. Suljphur. Carbon. 

' Fluorine. Iodine. Phos^iiorus. Hydrogen. 

Chlorine. Selenium. Boron. Nitrogen. 

OXYGEN. 

EQUIVALENT 6R ATOMIC WEIGHT, St 
SPECIFIC OEAVITT, 1*1057.* I 

WEIGHT OP 100 CUBIC INCHES, AT 30 IN. BAH. 60® F., 34-29 'Arains. 

If the importance of any element be presumed tp boar a relation to the quantity 
of it existing in nature, oxygen is pre-eminent in, this claim. From one-half to two- 
thirds of the surface of our globe and its inhabitants consist of oxygen. A consideration 
of the following facts will demonstrate the extent to which the preceding statement 
may be accepted as correct : — « 

It exists both in the organic and inorganic kingdom. It constitutes eight-ninths of 
water, and water covers about three-fourths of the surface of the earth. Of theidry 
atmosphere, oxygen constitutes twenty-three parts of every hundred, and eight-ninths 
of atmospheric vapour. Of the earth’s solid crust at least one-third is oxygen, as will 
be rendered evedent if wo reflect upon the minerals of which this crust is chiefly formed 
— namely, for the most part of silica, carbonate of lime, and alumina. Silica alone 
constitutes 45 per cent, of the earth’s BoHd crust. Silica, carbonate of lime, and 
alumina, cemtain respectively about half their weight of oxygen. 

Some idea of the proportion in which oxygen exists in nature may be derived from 
the following tabular view 

AMOUNT OF OXYGEN IN THE WORLD. 



f Principles . . . 

•Animal 

^ Phosphate of lime 


(Water . . . . 

Vegetable 

(Principles . .r . 
(Water . . . . 


{ Silica .... 

Mineral 

< Alumina .... 
( Lime . ... . 


Ocean and waters . . 
Atmosphere .... 



Oxygen is i or j of the globe. 


The tota^ quantity of oxygen required daily for the whole human population has 
been calculated, at 1,000,000,000 lbs. ; twice that amount for animitlg ; and a quantity 
equal to the first to support the operations of combu^thf^ and fermentation ; — thus 
giving 4,000,000,000 lbs. per diem. But the functions unenum^rated requiring oxygen 
demand at least an equal amount {o the sum total above given; therefore the 
total amount of oxygen required daily is no less than the enormous quantity of 


V 8,000,000,000 lbs. 

Without* oxygen no ordinary form of combustion could take place ; nor could 
animal and veg^ble Hfe be sustained. Without oxygen thmre would-be no water— no 
atmoq^eric air. The most ordinary constituents of the soil would be wanting. There 


• Dumas, *< Ann. Chim. et Fhjs.** Sme aerie, iii., p. 275. 
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would be no clay, no<i£mt, no potaah, soda, lime, or magnesia. It is difficult for a 
chemist to picture toftiimself the sort of mass in space our world would b» if deprived 
of oxygen. There jlould be no animal, no vegetable, no water; the most striking 
peculiarity of the laALdscape w^d be the never-ceasing presence of resplendent 
metallic masses. , 

As our world is naw constituted therfi are very few metals diilboverable in a native 
or pure state ; they usualiir occur in combination and, for the mosf part, with oxygen. 
Gold and platinum are olmiost^the only met^ which invariably ocOUr under the 
metallic form^ but it oxygen were ^removed from the globe, then a long array of 
metallic bodies#vould shine out in full radiance : but the world would be a small one 
(considerably less than half its present weight), and a very dead and cheerless world— 
deprived of every trace of animal and vegetable life. 

Sistorkal Notice and Synonfinm of Oxygen^ — ^Before the time of Scheeleand Priestley 
the atmospheric air [was assumed to bo a simple body — an opinion which was proved 
to be incorrect by the philosophers in question. ^ PriesUey the honour is due of 
having first effected the separa^on of oxygen gas (1774). Subsequently, in 177fi» 
the discovery was repeated by; Scheele. The appellation of in French, oxygone 

—was applied to it by Lavoisier, who glso denominated it the acidifying principle; 
in German, it is termed aauerstoffi By Oondorcet it was denominated vjtal atV, seeing that 
the function of respiration depends upon its presence. Scheeltf csBe^ k Jire^air^m 
German, /cMcr/e/f— from the circumstance that its presence is necessary to every 
ordinary case of combustion. The expression dephlogiaticated mir was ap]^lied to it by 
its ^discoverer, Priestley, and had reference to a belief that oxygen was deprived of a 
certain imaginary material known as phlogiston. 

The word oxygen is a compound of the two (Sreek words o^vs, acidj and yeyya&, I 
gmcratCy thereby indicating that it is an acid former. The expression derives its origin^ 
as we have already seen, from Lavoisier, a chemist who lived in the early part of the 
groat French Bevolution, and to whom the greater portion of piodem chemical nomen- 
clature is referable. The term oxygen was given to the simple body in question, in 
accordance with the idea of its being the universal acidifying principle. The expression 
is suggestive of the boldness of thought in which* all subjects at that period of turmoil 
were approached. It intimates not only that oxygen was thc^ acidifying principle 
of all acids know at the time of Lavoisier, but that it must necessarily be the 
acidifying principle of all acids hereafter to be discovered. This assumption was 
rather too bold; nor was it quite accordant with true logical inference to assume, 
that of two or more bodies entering into the composition of an acid, one alone 
should be regarded as the acidifying principlq. 

Nevertheless, tho idea that oxygen was the universal acidifier tookffirm hold of 
the chemist ; nor has the progress of modem discove^ been able to sd^ersede much of 
the nomenclature begotten under thiw supposition. 

Forme under iohieJ3 Oxygen exiaU, — ^This elfment has hitherto been only obtained, 
uncombined, in the form of a gas ; whereas many bodies, the familiar form of which' 
is gaseous, may be obtained as liquids or as solids. Oxygen gas, however, is subject 
to a remarkable modification, or allotropic condition, to which the designation osoffs 
has been applied. Under this head it will be described ihrther on.^ 

FreparaiUm of -Although oxygen gas was originally discovered by dis- 

tilling it from the red oxide of mercury, yet this is by no means the most convenient 
method of preparing it. The processes usually adopted are as ffiUow 
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1. By applying fumaoe heat to bla(^ oxide of manganefe in on iron bottlo or 
retort. f 

The construction ftTiil arrangement of the iron retort in quests n have been# already 
detailed at page 178 ; it only remains, therefore, to indicate th4 iecomposition which 
ensues. Black oxide, of manganese, regarded as to its composition, is the binoxidc, 
sometimes called pc:||2»xide, of that metal, and is composed of oijY^quivalcnt or atom of 
manganese -|- two equivalents or atonjjs of oxygen. Its syifibolical expression, there- 
fore, is Mn. Og. In addition to the black, bin, or peroxide of manganese, there arc two 
others— viz., the protoxide and the sesquioxide. The three mhy be represented as 
underneath : — ^ ♦ 


Protoxide of manganese 
Sesquioxide of manganese . 
Bmoxide.of manganese <. 


r Atoms. 

Parts by Weight. 

0 . 

Mn. 

0. 

Mn. 

1 

1 ^ 

8 

28 

3* 

2 

24 

56 

2 

1 

16 

28 


Now it will be evident that if heat be applied to binoxide of manganese, and ^pcs 
quioxide of manganese remain, a portion of oxygen gas must have bccfti evolved. This is 
what takes place in practice — every two equivalents of binoxidc of manganese evolving 
one equivalent «f oxygen. From a consideration of these circumstances wo may regard 
the binoxide of manganese to bo thus composed : — 


Two equivalents or atoms of binoxidc 
of manganese 


f 1 Equivalent or atom of oxygen. 
< 1 Equivalent or atom of ses- 
( quioxide of manganese. 


2. By distilling a mixture of black oxide of manganese and sulphuric acid in a 
flask or glass retort. 

The decomposition which ensues is referable to the fact that sulphuric acid does not 
combine with binoxide of manganese, but readily combines with the protoxide of that 
metal. The result is, that from every equivalent of binoxide of mtoganese,. one 
equivalent Of oxygen is expelled ; and each resulting equivalent of protoxide combines 
with an equivalent of sulphuric acid. The following diagram will serve to render the 
scheme c f decomposition intelligible. 


1 Binoxide of (1 Oxygen escapes. 

Manganese U Protoxide of manganese 

1 Sulnhuiic acid * Sulphate of protoxide (proto- 

• • sulphate) of manganese. 

In condtK'.tmg this operation, only enough sulphuric add should be added to form 
a stiff paste wifii the powdered oxide. Care should also be token that the flask or 
retort be uniformly wet by contact with the pasty mixture ; otherwise fracture will 
probably ensue cm the application of ^ipune. This method of obtaining oxygen gas is 
now but sddom employed. 

3. By applying heat to chlorate of potash in a small retort, or bent tube of hard 
German or green glass. ' « 

This is a very convenient plan of ohtmmng oxygen„gas absolutely pure. The only 
disadvantage attending the operation is the high temperature necessarily required— a 
fxeoessity which may be avoided by modifying the treatment as desorib^ in the next 
process. The decomposition which ensues is easily comprehensible. Chlorate of potaeh 
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is a compound of chlcric acid and potash. Chloric acid contains five atoms of oxygeil, 
and potash one. iho application of sufficient heat, all the oxygen (six atoms) is 
expcliSd, and chlorine, in direct jjnion with potassium (chloride of potassium), remains. 
Symbolically, thei^lore^ the decomposition admits of being represented as follows : — 

KO, C105 = KC1+0c. 

Or perhaps still more fhtelligibly hf means of a diagram. 


1 Chlorate, 
of potash 


( 5 Oxygen 
1 Chloric acid | 

• 1 Clilorine 


.1 Potash 


■f: 


1 Oxygen 
Potassium 



6 Oxygen escape. 


1 Chl<)ride of potafeium. 


i 

i 

i 


4. By distilling a mixture of equal parts of chlorate of potash and black oxide of 
manganese, or equal pai’ts of chlorate oi^potash and black oxide of copper. 

This is the process usually had recourse to for procuring small quM^xtitics of oxygen 
in the laboratory. The heat necessary to be applied is much less than in the previous 
instance, and the decomposition is more manageable. Notwithstanding the addition 
of oxide of copper, or oxide of manganese, both of which, as their ndme indicates, 
contain oxygen, the whole of the oxygen liberated comes from the chlosato of potash 
used. The presence of the advantitious oxid(3 ihcilitatcs the decomposition of chlo- 
rate of potash by the operation of a force known as catalysis. Not that the term 
is to be recommended, seeing that it throws no light whatever on the nature of the 
change. ^ . %. . . 

6. By exposing water to the decomposing agency of voltaic electricity, and collect- 
ing separately the oxygon and hydrogen gases. 

At pago 247, the method of performing this decomposition has been ^already 
explained. * 

Expaxime^ts with Oxygens— The chief experiments which admif of being 
performed w'ith oxygen gas have reference to the power of this elementary body as a 
supporter of combustion. Indeed, the very term combustion was formerly defined as 
being the rapid union of a body with oxygen. The impropriety of such a restriction 
has long been admitted, and the term combustion is now understood to eepress rapid 
chemical union attended with evolution of light and heat. Nevertheless loxygen gas is 
the supporter of combustion, par excellence. By means of it all our^rdinary fires are 
enabled to exist, and our chief sources of artificial illumination supplied. 

Experiment 1. Ceftnhustion of an ordimryi^Taper in Oxygen . — Light an ordinary 
taper or candle; wait until the wick has become incandescent, then blow out the 
fiame, and immerse the candle in a bottle of oxygen gas. The wick will inunediately 
burst into flame, and continue to bum with exceeding brilliancy until all the gas has 
been expended. Instead nf a pandle, a slip of wood, such as a match, may be 
employed. Thus the^ Chemist has an excellent distinctive test of the presence of 
oxygen. Only one gas (the protoxide of nitrogen) can be confounded with it by the 
evidence of the test in question, even by the most inexperienced. • 


KBSULTS OF THE COMBUSTION. 


Experiment 2. of Charcoal in Oxygen. — Firmly attach a piece of charcoal to 

a copper wire, by twisting the latt< r round it ; run the 
I other extremity of tlyi^wire throu^^ a central h(Se in a 

small tin disc, and finally through r, cork, as shown in 
m the diagram. Light the charcoal by holding it in the 

Mjl fire or on a gas or blow-pipe and immerse it in 

If a' jar containing^ oxygen, andr* standing in a soup-plate 

B ^ ' containing a little water. The charcoal will bum j 

with far greater brilliancy than"' in thi? atmosphere, j 
proving that oxygon gas is an excellei.t supporter of 
combustion. 

Experiment 3. Combustion of Phosphorus in Oxyaen. — Instead of the plain wire 
used in the preceding experiment, procure a small ladle of copper, as here depicted. 

It is commonly known as the defiagrating ladle, and may be obtained under 
that name in shops where chemiul instmments are sold. Take a piece of 
phosphorus, not larger than a small pea ; dry it by m^ans of blotting-paper; 
place it in the defiagrating ladle ; ignite it by contact wii^h a hot wire ; then 
plunge it into the jar of oxygen gas. The combustion of the phosphorus in 
this will be so exceedingly brilliant that the eye can barely tolerate the glare. 

The result of this combustion is a solid (phosphoric acid). 

Experiment 4. Eepeat the preceding experiment, substituting sulphur in 
place of oxygen. The combustion will not be so brilliant as the last ; but, 11 
nevertheless, exceedingly beautiful. 

Experiment 5. Combustion of Iron or Steel Wire in Oxygen Gas. — I have said 
iron or steel wire; but, perhaps, the most convenient thing to be used in this experiment is 
a length of steel watch-spring. Select a length proper for the experiment ; pull it at 
either end, and pass it through the flame of a spirit-lamp or a bat's-wing gas burner, 
by which treatment the tendency to form a coil will be removed, and it will be ren- 
dered permanently straight. Attach one end to the cork and tin-plate disc, as in 
previous experiments, and wind round the other extremity a little cotton wool. If 
the latter be ignited, and the whole spring plunged into a jar of oxygen, the steel will 
take fire f nd bum most brilliantly, frequently throwing off globules of molten matter, 
which bum their way deep into the substance of the glass, and of.en, indeed, quite 
^ough. 

Results of the preceding Conibusiions.--lt^ the water contained in the soup plates 
employed for the experiments 1, 2, 3, and 4, be tested by means of blue litmus paper, 
tho latter will be reddened, thus indicating the presence of acid matter. The com- 
bustion of irSb pelds no such acid result. This was an important subject of content^ 
plation for Lavomer, and it influenced the structure of his celA)rated nomenclature. 
If the result of the combination of a body with oxygen was an acid, Lavoisier indicated 
the nature of the acid by employing the name (slightly modified) of the combining 
body ; but if the result were not add, he simply termed it an oxide. Thus, in a 
preceding tuafaLHABy we obtain by the combustion of charcoal (carbon) in oxygen, car- 
bonic add ; but the combustion of oxygen yields oxide of iron. Eow, in the instance 
of carbon, there is only one acid combination of it with oxygen ; but had there been 
more thRw some means would be necessary for their verbal discrimination. 
liavoiBier determined, that supposing the acids of one series to be only two, the termi* 
ous and ie should respectively designate them ; ous standing for the least rich in 
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oxygen, ie for the mopt rich. If more than two, the Greek prefix hffpo ho determined 
should be employee) A greater number of compounds than ^eao terms would provide 
for WAS not known nn his time.^ As an illustration of the working of this nomencla- 
ture I may cite tW) Oxygen compounds of sulphur, which are all acid. For a long 
time only f 9 ur of these were known, and their designation was as follows 


* 

By Weight. 

8 . 0 . 

By Atoms. 
,S. 0. 

Hyposulp^urous acid . 

. . 32 16 

2 2 

Sulphurous acid . 

. 16 16 

1 2 

Hyposulphurio acid 

. 32 40 

2 5 

Sulphuric acid . ^ . 

. 16 24 

1 3 


Now it will be slen that hyposulphurous acid contains less oxygen than sulphuroi)j 9 , 
hyposulphurio less than sulphuric : thus, Lavoisier's provision suffices for the four ; 
but eventually the number of sulphur and oxygeA compounds became extended to 
seven, and chemists have designated them as follows : — 


Sulphurous acid s • • • . 

s Oj 

Sulphuric acid . • > • 

S 0 , 

Hyposulphurous acid . • . . ^ 

. . s,0. 

Hyposulphurio acid (Dithionie acid) 

. ■ SjOs 

Sulphuretted hyposulphuric acid {Trithionic acid) 

S 30 , 

Bisulphuretted hyposulphuric acid {Tetrathionie acid) 

. .8403 

Trisulphurctted hyposulphuric acid (Pentathionie add) 

S40. 


The nomenclature, it must bo confessed, is rather unwieldly, and far less expressive 
thnn a glance at the symbolical notation designating the acids in question. These 
chemiesd symbols are, in point of fact, checking the development of chemical nomen- 
clature — ^the eye can more easily seC a scheme of combination embodied in a symbol 
t-hnn the tongue can give it utterance. 

Having thus far explained the scheme of the principles of chemical nomenclature 
devised by Lavoisier, so far as relates to the oxygen, it remains to examine the 
Tpnnna by which ho individuallsed several non-acid combinations of the same consti- 
tuents. For end tlxe Latin prefi jLes proto and per were employed to deno 2 ninato the 

smallest and the^ghest grade of oxygenation respectively, and the numerals bi, tri, &c. 
when more precise distinction was required. Occasionally, too, the Greek numerals dis, 
iris, ietrakis, were called into operation ; ^o the Latin word sesqui. This general idea 
of the scheme of Lavoisier is all that I think desirable to give in this place. Fami- 
liarity with chemical nomenclature will best’ be acquired by explaining the meaning of 
other terms as they qccur. 

6 . Cbmbustion of Potassium in Oxygen,^l!)m can be effected by heating potassium in 
a small copper ladle, ,^and plunging it into a jar of oxygen gas. It is difficult, however, 
to make the potassium bum satisfactorily, in consequence of the crust with which it 
becomes enveloped. That crust, however, is potash— an aZMi— and the result demon- 
strates how great was the impropriety of considering oxygen to bo endowed with some 
necessary quality of an acidifying agent. 

In all the preceding experimehts, the law just enumerated would be found to hold 
good, provided the results of combustion were accurately collected and weighed. 
Practically, however, it is a difficult matter to collect the results of combustion, except 
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they happen to be solid. Now the result of burning iron in oxy^n gas is a solid (oxide 
of iron), and the experimentalist may easily satisfy himself that meiglobnles and masses 
of this substance produced weigh heavier than the original wat£-spring employed. 
The exact amount of increase is equivalent to the weight of the dclgen absorbed ; but 
this point is too abstruse for a learner to demonstrate. 

The easily -recognifed increment of weight acquired by the sqJM results of combus- 
tion in oxygen— such, for example, as the solid j-csult of the coiiljastion of the watch- 
spring— is intimately associated with thc'downfall of a theory ieady alluded to, termed 
atxQ phhgiitic. According to the theory in question, combustion wdb the concomitant, if 
not the result, of a loss of some imaginary principle termed phlogiston ; bift when it was 
discovered that the ashes or oxide of a metal actuallj’' weighed more than the original 
metal itself, the phlogistic theory would seem to ha^e been abandoned as a necessity. 
Not so, however : its tenets had* established theiih&lves so firidly in the minds of 
chemists, that the argument of phlogiston, being a principle of levity, the antagonist of 
gravitation, was by some had recourse to. Nevertheless, the weahness of this argument 
is almost' too palpable for comment. 

Ozone. — Oxygen, 1 have remarked, can only be obt&ned uncombined in the statq of 
gas ; nevertheless, this gaseous form is susceptible of assifming a peculiar modiheation 
of ^^alities, by virtue of w'hat is termed allotropy or allotropism. The explanation of 
this strange modificatmn is totally unknown ; but the result is a gaseous body, proved 
to be oxygen on analysis, yet differing from oxygen in many curious relations. Before, 
however, the student proceeds to study tho nature of ozone, he had better make himself 
acquainted with a few properties of ordinary oxygen which have not yet come under his 
notice. 

Ordinary oxygen is devoid of smdll j it docs not bleach ; it does not corrode silver 
leaf ; it does not tinge blue, a mixture of hydriodic acid and starch. Ozone has all 
these properties, and may thus be distinguished from ordinary oxygen. 

Ozone was discovered^by M. Schonbein of Bas^e. There arc several methods of 
preparing it ; but the following is most convenient : — Into a wide-mouthed bottle pour 
a little water, just sufficient to cover the bottom ; scrape a piece of phosphorus to free 
it from external crust, and immerse it in such a maoncr that it shall be partially exposed 
to the air. Ozonation of tho atmospheric oxygen speedily takes place, and the 
operation'^will be completed after the lapse offisomc hours. The ^zonized oxygen 
should now be washed by transference from one jar to another several times, and the 
operation is complete. The gas thus prepared will be found to have acquired a peculiar 
smell, suggestive of the odour produced by a powerful electrical machine in good 
action. In point of fact, the electric s^rk, by its passage through '^atmospheric air, 
generates oz(^e ; and the amount of ozone generally recognizable in the atmosphere is 
no doubt chiefly tiue to the operation of electric agencies. 

HYmoom. 

Equivalent oe Atomic Weight, 1. 

AVeigiit of 100 Cubic Inches, 2*1492. 

Specific Geavity, 0*0693., 

When it is stated that hydrogen is a constituent of water, of all nnimala and 
vegetables, and of some minerals,, enough will have been said by way of demonstrating 
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its ixnportaxiod in the heme of creation. To the speculative philosopher, hydrogen ' 
presents other points bf interest. Of all ponderable bodies it is the lightest ; never- 
thdless,ein many of ^Its relations it demeans itself so much like a metal, that the 
chemist is almost indiimd, bold tdeugh the idea may seem, to consider it and speak of 
it as such. • ^ ; 

Severs^ gases, as I ^avo already indicated, admit of being laduced to the liquid | 
and the solid conditions but hydrogqp has hitherto baffled e^ry attempt of this j 
kind. The fortunate chemist for whom the solxdification of hydrogen isveserved may ! 
probably find it assufbe the aspect of a metal. Strange though such a result may ; 
seem, it is accq^dant wkh all the reasonings of chemists whidi have been brought to ! 
bear upon the subject. , 

SUtorical Notioe^ Synonyms^ JDerivatim of Hydrogen . — The term Hydrogen at ' 

present employed wa3 first introduced by Lavoisier. It is derived from two Greek ; 
words— v8wp, water, and yeuyau, I generate— signifying, therefore, the “ water-former.”' ; 
The ancients regarded water as a simple substance, and the T)X)inion held its ground 
until the time of Lavoisier. It is difficult to refer the discovery of hydrogen* t6 any ; 
one •philosopher, although the honour is usually referred to Cavendish, in 1766. The : 
gas was developed in the course of many chemical operations, and had long been ' 
known imdcr the appellation of inflammame air. In 1781, Watt and Cavendish proved | 
the result of inflaming a mixture of oxygen and hydrogen gastto be water ; and not ■ 
long afterwards Lavoisier proved the truth of the English philosophers* synthetical 
experiment by the result of the analysis of water. The discoveiy of the relative volume 
of oxygen and hydrogen necessary to constitute water was reserved for VoA Humboldt 
and Gay Lussac, being exactly one volume of oxygen plus two of hydrogen. Lavoisier 
and Meusnier had imagined the relation to be as 12 oxygen to 13 hydrogen ; Fourcroy, 
Yauquelin, and Seguin, 100 to 205 ; and Nicholson and Carlisle, 72 to 143. Hydrogen 
is called by the French Hydrogens^ by the Germans Waasentoff. The term inflammable 
air was loosely applied not merely tp hydrogen, but to other^ gases endowed with the 
property of combustion. 

Sources and Fr^aration of Hydrogen. — ^Hydrogen never exists in nature unoom- 
bined. Its great storehouse is water ; but 4t also exists in combination with 
phosphorus, sulphur, iodine, bromine, carbon, nitrogen, and almost aU*organic com- 
pounds. 9 

Preparation.— Hydrogen may readily be evolved in the ooxidition of gas, but under 
no other form. The source from which it is obtained is invariably water. 

1. — By bringing Water into Contact ^with Potassium or /Sottiton.— JBoth these 
metals possess a remarkable affinity for ox^en; consequently, as soon as either 
of them is brought into contact with water, the latter is immediatelyjfOecomposcd, 
oxygen uniting with the metal, and generating an alkali, which remains in solution, 
the hydrogen escaping. If the experiment be conducted in the open air, the hydrogen 
takes fire ; but if perfowued under a glass rcceiv^, the hydrogen may be collected. The 
most efficient manner of conducting the experiment is as follows : — 

Take a small glass cylinder closed at one extremity. Tour mercuzy into it until 
only about one inch remains unfilled. Into remaining space poui* water ; then 
closing the open extremity of the tube, by means of the thumb, invert it over a 
surface of mercury in a common mercurial trough. By the preceding manipula- 
tion, it is evident that the small portion of water will find its way towards the 
closed end of tho tube. The apparatus being thus disposed, a small lump of 
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potassium or sodium may be forced below tbe mouth of &e receiving cylinder, 
and then allowed to escape. It will rise through the mercury, jjmd come in contact 

with the wat^^^^ by which ^contact the <!ecom- 
position of the water will, immediately ensue, 
its oxygen being appropriated by the potassium 
or so^um, and its hydj^c^cn set at Hberty^ in 
the tube. Although the plan described is theo- 
retically the simplest which can be had recourse 
to, it presents some practical difficulties, in con- 
sequence of the extreme violence of decompo- 
sition which ensues. To modify this violence, 
it is advisably to substitute an amalgam of mer- 
cury and potassjum, or sodium, in place of 
cither of the alkaline metals alone. 

2. By Vbltaie Ayeney. — ^Under the head 
I of voltaic electricity (p. 247), it has already been shown ^at water is suscep- 
I tible of decomposition by the proper application of^that agent. It is needless, 

I therefore, to repeat the description in place. A very convenient modi- 
! fication of the process, however, for Qbtaining hydrogen by means of voltaic 
I agency — and which *lias the merit of not requiring a special voltaic battery — 

I was devised by Fuchs, and is as follows: — Invert a platinum crucible in dUutc 
I hydrochloric acid, and whilst thus disposed, lay a flat zinc plate upon its base. 
By this disposition of parts voltaic energy results, and hydrogen gas collects in the 
crucible. 

3. By tranmitting the Vapour of Water over email pieces of Iron contained in a Force* 
lain, or rather an Iron Tube^ heated to redness in a furnace. — Iron subjected to this 
I operation is brought to the condition of black oxide, or the oxide which constitutes 
the scales of a blacksmith’s forge, and which results when iron is burned in oxygen 
gas. 

The experiment just described possesses much collateral importance, illustrating the 
fallacy of an opinion once prevalent, ^that the order of affinity between any two bodies 
might be determined by their order of decomposition. Supposing that, for the sake of - 
argument, we recognise that assumption to be ccrrcct, then it would follow, from the i 
preceding experiment, that iron must have a greater affinity for oxygen than hydrogen 
has for oxygen ; but if a current of hydrogen be made to permeate oxide of iron, 
heated to redness in a tube, a decomposition precisely the reverse ensues : water is 
generated, and metallic iron set free. The fact is, that the order of affinity subsisting 
between anV two bodies can rarely, perhaps never, bo determined in this manner. 
This subject, 2fi)wever, has been fully treated of in a former part of this work, (pp, 

do, 61 ). 

Perhaps the liberation of hydrogen from aqueous vapour, caused to pass over red-hot : 
iron, is the readiest means of obtaining the gas in large quantities. It possesses an ; 
historical interest from the folbwing circumstance 

In the early part of the wars of the great (or first) French Bevolution, the experi- 
ment was tried of employing air-balloons for the purpose of overlooking a hostile 
army, and noticing its disposition. Of course it became necessary to provide some 
portable and ready means of liberating hydrogen gas ; and the process just described 
was adopted. 
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4. Froin a mixture o( Iron^ or Zinc^ Watery and Sulphuric Acid , — If either iron or zinc, 
in small pieces, be brought into contact with water, slow decomposition of the latter 
resultai— oxygen is rbsorbed by the iron or zinc, and hydrogen set free. The process 
in question, however^s so exc^dingly slow, that for all practical purposes it is useless. 
If, however,, sulphuric acid be added to the water, decomposition ensues with great 
rapidity ; and such is»thc process usually adopted. The most oi)vious explanation of 
the function perforn^i by the acid is,«that it dissolves the ooatin|; of metallic oxide so 
soon as formed ; but it is scarcely satisfactory, *at least in the case of zinc. Pure zinc 
is acted upon with citreme difficulty by dilute sulphuric acid ; and pure iron is much 
less readily df||solved than the impure metal. Probably, therefore, Ihe rapid solution 
of these metals in dilute sulphuric acid, under ordinary conditions of impurity, is 
referable to the existence of voltaic currents, which circulate from one portion of 
impure metal through the other. * 

The chemical decomposition involved in the method of liberating hydrogen gas just 
described, is represented by the following diagram * 

. 1 oIy^r—> ^ 

1 Zinc 7 i Oxide of zinc 

1 Sulphuric acid ■ 7l Sulphate of oxide of zinc. 

For the purpose of generating hydrogen by the process jjiist dMcribed, a glass 
retort or a glass flask, provided with perfi)- 
rated cork and bent tube, may be employed ; 
but if large quantities of hydrogen gas have 
to bo liberated, it is better to substitute for 
the glass retort or flask a copper vessel of the 
following description : — A B represent necks, 
each fitted with a good cork ; the latter of 
which, or cork B, is perforated and adapted 
to a piece of pewter gas tubing, whibh serves 
to convey the liberated hydrogen into any 
convenient reservoir. 

Froperties of -This clement, os I have already remarkcil, can only be 

obtained in the state o4 gas, in 
which condition it is the lightest 
of all ponderable bodies, 100 cubic 
inches only weighing 2*1492 grs. 
Hydrogen gas, when quite pure, 
is almost devoid of o^tm ; but, as 
ordinarily prepaid, by means 6f 
zinc or iron and dilute sul- 
phuric acid, or by the transmission 
of aqueous vapour over pieces of 
iron at a red-heat, it is obtained 
in combination with many impu- 
rities, and possesses a very disa- 
greeable smell. These impudties 
are a volatile oil, formed by the combination of hydrogen and carbon ; also certa^ 
gaseous combinations of arsenic or sulphur with hydrogen. From these adventitious 
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bodies hydrogen may be freed by bringing it into prolonged contact, first with aqueous | 
soludon of pota^, which absorbs the offensive oil ; next, with a sblutionof bi-chloride | 
of mercury (corrosive sublimate), which, in its turn, absorbs the arsenical a^d enl- | 
phurous impurities. fj • 

A convenient arrangement for accomplishing the above-mentioned separation | 
is represented on pag^ 2S9. A is a generating bottle, into v^hich dilute sulphuric \ 
acid and granulated^ zinc being thrown, hydrqgen gas is (lc^cfo|cd. The disposition 
of the apparatus is such that the gas, as soon as developed, passes through the 
second, or throe-necked bottle (B) which, containing a little* water, separates all 
such portions of sulphuric acid W'hich may happen to come oyer. Palling from this 
second bottle tho gas is made to traverse a series of p tubes, conveniently suspended 
from a frame. The first of these tubes contains ^small fragments of pumice-stone, 
moistened with solution of potash ; the remaining tubes contain Solution of bichloride 
of mercury. Hydrogen gas thus treated may bo considered free from admixture with 
any impurity except aquc'bus vapcgir, which, if desired, can be separated by transmission 
through a tube containing fragments of fused chloride of calcium, a substance which 
has powerful hygrometric properties, and is, therefore, commonly employed for ;the 
purpose of absorbing aqueous moisture. 

It is scarcely necessary to remark, that a gas artificially dried, and intended to he 
kept dry, must not be collected over water in tho ordinary pneumatic trough. A 
mercurial trough must ho substituted. The description of a mercurial trough of 
elaborate construction has already been given at p. 182 ; but, for the greater number 
of imiposes io wbieb the instrument is applied, the expense of procuring so complete 
an apparatus need not be incurred. A very good mercurial trough, for general 
purposes, adnuits of being cut out of' a solid block of wood, such as mahogany ; and 
small mereuiiaiL ibroughs are frequently made of porcelain. 

It will be evSdent that the trouble of drying a gas artificially, and collecting it over 
mercury, wouiUl be throi^ away if the receiving-jars, or other vessels employed, were 
not dried also. Hie operation of drying a vessel is simple enough when the vessel 
possesses an orifice large enough to admit the hand, or when it has two apertures, so 
that a current of air can be establishefd ; but otherwise the operation is not so obvious 
as to render d63cription unnecessary. Suppose, for example, it were desired to dry a 
Ho^on■c^^ flask, moistened, we will assume, withepuro water : it would he necessary to 
warm the flask by holding it near the Are ; then inserting a tube, the operator should 
gel rid of the majof part of the vapour by blowing, but finish the operation by inspiring 
through the tube. A still better idan is to^substitute for the mou^ and 'hiqgs a pair 
of bellows. 

. Hydxo^n Gas is Combustible. — ^Perhaps the simplest form of apparatns for 
demonstrating this, though not the most elegant, is the following : — Take a phial or 
small bottle, adapt to it an accurately-fitting cork, through which make a cuseular per- 
foration, and fix in the latter the stem^of a tobacco-pipe. Into^jthe bottle Ibrow some 
fragments of granulated zinc, and enough diluted soUphuxic acid (one part id acid to 
about six or seven of water, both by measure) to cover them ; ^en inseil: the cork, 
fumished inth its tobacco-pipe shank, as described. Hydrogen gas will be xBmsdiaitely 
developed, and passing through the tobaoco-pipe shank, mSd ssMipe; -halt Cbe first 
portions of gas which emerge w31 evidently be mixed with atmospheric air. When, 
in the operator's judgment, all the atmospheric air has been driven forth, and unmixed • 
hj^gen is escapmg, a lighted taper may be applied to the extremity of the tohaoce- 
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pipe fihank, and the Ubeyited gas will bum tranciuilly, foid with slight luminosity. If 
the taper be applied before all — or, at any rate, the greater portionp—of atmospheric air 
has csoaped, an explosion will probably result— not dangerous, but sufficient to 
blow out the cork. Should an stccident of this kind occur, it will 
at least impr^s on the student’s memory the valuable fact, thaj: 
although hydrogen unniixed bums tranqdilly, yet hydrogen mixed 
with atmospheric air AAstitutes an cxiidosive mixture — ^it oonsti- 
i tutes, in point of fact, the iirc-damp of coal-mines. A mixture of 
! five volumes of atmospheric air and two volumes of hydrogen gas 
; is the most explosive that can be formed of these two gaseous 
i bodies. • 

! The apparatus just described h^very rough — but I wirii thus 
: early to impress on 1;hc pupil’s *iuind the important that 
1 rough apparatus is valuable in its way. A very prevalent opinion 
; exists that chemical science cannot be studied experimentally, 

! even in its rudiments and general principles, without the aid of 
i cxpeCLsive apparatus; this is a mistake which cannot be too 
! strenuously battled against. * The first attempt of a yoimg 
1 student of chemistry should he to make himself acquainted with principles ; and 
I not unfrequently principles are bcttcr*inculcated by rude and implriect than by 
j highly-finished and perfect apparatus. The latter are frequently deficient in one 
I important educational particular — they do not well make known the difficulties to be 
i conquered in achieving a perfect result, and they prevent the learner from deriving the 
! educational benefit which mishaps and foiled attempts are able to confer. 

I Thft experiment just described involves the perfonnanoe of an operation with which 
; I am to suppose llie learner unacquainted, and which, therefore, should be illustrated. 

I A coik has to be i>erforated with a bole, and this process, simple though it may appear, 
requires some little practice to do it weJ^. Chemical apparatus 
makers sell instruments known as cork-borers. They are sold 
in sets, no two being of the same dimensions, and one fitting into 
the other. Each of tiiese c(fik-borers is a brass tube, some four 
or five inches long, file^ to a rough or saw-like edge ^ at one 
extremity and lefi blunt at the other. Near to the blunt end 
each borer is pierced with a transverse hole, throng wMcb a 
piece of wire may be thrust, so as to enable the operator to give 
rotatory motion. Whin it is desired to perforate a cork, one 
of those borers is to be Qhosen, a little smaller than the tube 
intended to be finally Ibrust into the cork ; then rotatory motion,* 
aooompanied by gentle pressure, being applied, a Role is speedily 
made. If tlic hole he too small, it admits of being enlarged 
bj^means of a rat’s-tail file^ 

1 shall now describe more perfect forms of apparatus fbr pro- 
cuiing a jd of hydrogen, or, indeed, any other gas, premising that the instructions 
to be gNcn will not only refer to the particular gas under consideration, but to all gases 

wbafemr. 

Figi A represents an arrangement by the aid' of which a jet of gas can be Iihented 
from an ordinary bell-glass receiving jar. By reference to the illustratiTe diagram, 
it will bo seen that the jar in question is supplied with a braN^ oapj into whieh is 
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screwed a stop-cock. Through the aperture of this stop-co*dE it is evident that gas 
y !• must rush if the jar ’be forced down into 

1 \ the water of the trough by manual pressure. 

' |a Should it be desired to obtain a smaller jet 

ML , than that which would res^ilt from the 

y ^ mete stop-cock bore, such a jet may be 

readily made out of % ^dass tube, or even out 
of the shank of a tobacco-pipe. The chemist 
who works with gas^s must procure a few 
. ||M| . stop-cocks, with intermediate connecters; 

and when procuring them, he should sec 
that thpy are cut with the same screw- 
thread. Much troublb, indeed, will be saved 
I chemical student, in the getting up 

\v I L of his laboratory requisites, tsdccs care to 

*1 I have but one screw-thread pervading all his 

apparatus in which a screw-thread oi^curs. 
Fig. A. By attending to this precaution, it is aston- 

ishing how much expense and trouble may be avoided. 

J A lot of si'op-coCks, with their accompan^ng connecters, is represented in the cut 

annexed. It may here be proper to remark, 

that in screwing together any combination 
of apparatus intended to bo ultimately made 

air-tight, the tightness is not attempted to be given by any accuracy of the screw- 
thread itself, but by little collars of leather, card, or india- 
i rubber, well oiled, and bearing against the shoulders of the 
IhQIH apparatus a b. These little collars require a punch for their 

, manufacture to cut the- central holes, and neat operators will 
also employ a second punch to cut the external contour ; but the 
latter part of the operation may be accomplished by means of a knife or a pair of scissors. 

Another plan for obtaining a jet bf gas (Fig. B) involves 
the use of a moistened bladder, or a bag of india-rubber 
material. It is scarcely necessary to mention, that the . 

flaccid receiver in question must have securely tied into \j 

its mouth, by means of waxed thread, a brass connecting ]| 

piece, which, being done, tho method^ of filling it is 
easy by ^o process represented in the annexed cut. ^ SB 

' When filled, the bag is to be unscrewed from the bell jar, 
a jet attached, and the gas employed according to the 
nature of the desired experiment. 1 

By far the most eligible means, Ipwever, of obtaining ^ 
a gaseous jet, if the operator possess a gas-holder, or 
gasometer, is by employing that useful instrument. ^ 

Pig. C represents a gas-holder of japanned tin- ware. | jl.l! 

To employ it the following operations must bo gone 

through The cap e being firmly screwed on, and the stop- Kg. b. 

cooks S and S' opened,' water is poured into the reservoir R, when it is evident that the 

water, by descending through the stop-cock S to the closed reservoir G, will ultimately 
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fill it. The stop-cocks § and S' are now to bo shut, and the cap e unscrewed. The 
generated gas is now to be liberated through the aperture 
at e inte the vessel, which it will ultimately fill, the charge 
of water running oul. "When* quite full of gas—or, in 
other words,* empty of water — ^the cap is to be securely 
screwed on, and iJie apparatus is ready for application. 

Supposing that applici(ttfi)n^to bo the prq^uction of a jet, it 
is accomplished by pouring water into B, and opening both 
stop-cocks, when a (Aurent of gas will evidently escape 
through S'. \ • 

Having, by either of the contrivances detailed, suc- 
ceeded in procuring a jet of hydrogen gas, let the jet be 
ignited, and let the student observe how deficient it is in 
luminosity. 

‘ Chemical Reanlt of the Combustion of H3^ogen'in Oxygen.— If, over 
any conveniently-arranged jet of burning hydrogen gas, a dry bottle or rcceifing-jar 
be held, the interior of the jar or bottle will speedily bo dewed by moisture— that 
moisture is deposited water, fifoni which wo arrive at the conclusion that water is a 
result of the combustion of hydrogen gas in atmospheric air. But atmospheric air is 
j composed of oxygen gas, and another gas, not yet treated oi—^itrog^. Now, it is 
1 the oxygen part of the air which supports combustion ; and hence it follows that water 
I results from the combustion of hydrogen and oxygen gases. 

I To demonstrate this proposition rigidly, it will be necessary to work* with gases 
! artificially dried, and, of course, to employ the mercurial pneumatic trough ; a Caven- 
! dish's eudiometer, an air-pump, and elcctrical-macliinc will be also necessary. 

I . The steps of the operation arc as follow : — First screw the eudiometer firmly upon 
I the plate of an air-pump, and exhaust the atmospheric air .which it contains. Then 
; turn the stop-cock, and attach the eudiometer to a receiving-ja^ standing over mercury, 
j and filled with a mixture of two parts by measure of hydrogen gas and one of oxygen. 

} Now, throwing open the communication between the eudiometer and jar, it is evident 
I that the former will become filled with the mi^s^d gas ; and here, assuming all the 
j atmospheric air it originally contained to havc*been absolutely removed, this poi't of the 
operation might cigl. However, in practice, it is impossible to effect at once the extraction 
of all the atmospheric air; consequently the exhaustion process, by means of the air-pump, 
will have to be repeated, and the eudiometer connected with the mixed gas as before. 
When filled a second time the eudiometer nfust be removed from the jar, screwed upon 
its own foot, as represented in the diagram at page 231, and the contained gases fired by 
means of an electric spark. The eudiometer will be now dewed with moistuib internally^ 
and will contain nothing except this moisture, as admits of ready dtmonstration by 
opening its stop-cock under the surface of mercury, which, rushing up into the vacuum 
created, will fill the vc£%)l. For this capital demonstration we arc indebted to Cavendish. 

Effects of Hydrogen Burning in Atmospheric Air. — On causing the ear 
to approach one of these buniing jets, a series of explosions may be heard ; but a far 
better means of rendering them evident is as follows : — Take a glass tube, open at botli 
extremities, hold it vertically, and cause the hydrogen flame to bum a little way up 
the tube. By adjusting the tube, and allowing tho jet to bum at different points of 
elevation, the point will most likely be discovered at which the glass-tube will bo 
caused to emit a musical sound. If the first tube employed should not answer the 
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jMxrpose, othefs 'siaj be tried. The musical sound in question jnsuJto from Tibraribns 
generated by the series of little explosions. Instead of glass tubesy 'w^ine bottles-^-cr^ 
perhaps, still better* soda-water bottles — ^may be substituted. 

A Btimingr nfJIydrogm Gas may^ he %ncreaaed^*in Lumiu^y by the presmce of 



Incandescent Construct a small sieve of wke gauze,. and attach to it a stick, 

as represented iir the diagram. Into this 
.sieve place alittle^bf the powdered sub- 
stances presently to be desovibed, and 
cause the substa^e to fall in showers 
iipon the gas jc^ by striking the handle 
of the^cve with a small mallet. 

Charcoal lowder , — No sooner does 
the material tou'^^ the flame than the 
amount of light evolved from the latter 
is greatly increased ; but the reiult is a mixed case, inasmueh as charcoal powder 
is itself combustible. 

Limey Magneswy Alumina.— On substituting either of these bodies for the charcoal in 
the preceding experiment, an increase of luminosity also results, and the efleet is in 
neither of these cases due- to combustion. These experiments illustrate the conditions 
which require to be fulfilled in imparting luminosity to flames The presence of incan- 
descent solid particles is absolutely necessary to that result. 

Influence of flnely-diwided Platinuini upon a Jet of Msrdzogen Gas. 
—By finely-3ivided platinum is meant not filings of that metal, or any mechanical 
. preparation of the same, but one of two substances known respectively as spongy 
. platinum, and platinum black ; both* of tbcm will be fully desoribed bereafter under 
. the head of platinum. It suffices here to indicate the existence of those bodies, 
and their applicability to our present wants. Both spongy platinum and platinum 
black are endowed with ,^the property of causing a jet of hydrogen to inflame when 
held in the latter. For convenience of manipulation it is usual to mix the comminuted 
metal with a certain amount of clay and sal-ammoniac, to moisten the whole with 
water, and to mould the asty result' into little balls, each about the dimensions of a 
pea. These clay platinum bolls, after haVing been heated to redness, are ready for the 
purposes of experiment. 

Experiment 1. Lay hold of one of these little balls, by the aid of a loop of plati- 
num wire, and hold it in a jet of hydrogen gas. The pellet soon grows incandes- 
cent, even to whiteness, and the gas inflam&. In like manner, those little pellets may 
be employed, instead of tbe electric spark, for causing the union of mixtures of oxygen 
apd bydrogSn, mixed or unmixed, witb 
other gaseous bouies. Frequently, too, they 
admit of employment under circumstances 
when the electric spark would be inappli- 
cable. For example, it bos already been 
mentioned that tbe exact ratio of combina- 
tiem for oxygen and hydrogen gases to form 
water, is two measures of hydrogen to one 
of oxygen. This ratio mqy be varied to some 
extent in either direction — that is to say, 
either an excess of oxygen or of hydrogen, within given limits, may be employed, and 
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tb 0 electric apavk is 8tU)i effective, the oree^us of either gas remaining nneomhined ; 
but if the correct ratio of admixture be considerably departed &om^ eleetrinzt^r can be 
no' longer used as the combining agent, and the erperimental chemist must haTe 
recourse to balls of sj^ongy pladiilim; He does this in the following manner : — ^The 
mixture of gases being coniined in a tube, or small jar, over mercury, one or more of 
the little balls, previously ignited in a spirit-lamp, flame, is pushed, by nieans of a pair 
of. forceps, undemeAtiL the oriflee of the little receiviag vess^, supported over a 
mercurial trough, and allowed to rise in contact with the gas. This being done, 
combination, rapidly takes place. 

Bent da*4wlapo4. by Kydxogen. — J: Jei of Inflamed Mydropen Gas, although 
slightly Luminous, develops much Jfe®#.— This proposition may be demonstrated by holding 
a piece of glass tubing in the igniljpd jet, and noticing the rapidity with which it fuses. 

A Jet of Inflxmisd Hydrogen Gas has its Heating Powers greatly increased hy 
passing- through it a Jet of Oxygon . — ^This may be rpaday dc- 
monstiuted by a contrivance of the following description. 

Let A represent a vertical jet of hjdrogcr gas, and B a 
horizontally arranged jet of ‘oxygen. By comb.niii^, the " ^ 
two the flame will be benl from its apwan^ coarse *0 the 
direction C, at which point the most splendid effects of com- 
bustion may be produced. An iron nail held there speedily* • A 
melts, so even does a tobacco-pipe or other piece of earthenware. 

A certain Elevation of Temperature is necessary to the Existence of Elams . — ^This 
proposition is not only true as regards the flame of burning hydrogen, but of all 
flame whatever. Now, however, is a fitting .opportunity for illustrating the general 
])roposition. 

Having bent a length of strong brass wire into the form of a ring at one extremity, 
lower the ring part on the flame of a small wax taper : the flame will bo incapable of 
passing through the ring if the latter he suflicicntly small ; l|ut a considerable amount 
of fuliginous matter will a.sccnd through the ring, and may be re-ignited above it- 
By substituting a jet of inflamed hydrogen gas for the taper flame, a like result 
will supervene.”* In* consequence, however, of the 
combustion of hydrogen giving rise t<J no fuliginous 
mattfr, one phase of the previous experiment will 
cease to be obvious. By diminishing liho size of 
the ring., and using several of the latter, the wire 
employed *may be of slighter diameter; and as the 
shape of the aperture is of no consequence, the 
material wire-gauze suggests itself as being the most convenient means of pro- 
ducing the desired result. If, then, a piece of wire-gauze bo held over the flame 
of a taper, of a spirit lamp, of hydrogen, or indeed over any flame whatever, 
we shall find that wire-gauze effectually^ prevents its transmission. This effect 
is referable to Ahc cooling agency of the metal of which the ring, or net-like screen, 
is formed, and admits of several useful applications, as will he presently seen. 

A Mixture of Oxygen and Hydrogen Gases in due Proportions is Explosive. — In 
an experiment detailed at page 231, when two parts by measure of hydrogen 
with one by measure of oxygen were confined in the eudiometer of Cavendish, and 
fired by means of an electric spark, perfect and instantaneous combination of flhe 
two resulted ; but inasmuch ns the mixed gas was securely confined, the union was 
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not attended by explosion. If, however, a similar mixture be npw prepared, transferred 
to a strong soda-water bottle, and a flame brought near to the mouth of the latter, 
there will be a violent explosion ; and here it may be useful to observe, that explosion 
is nothing more than the result of a series of waves developed suidenly in any gaseous 
medium. Whenever ^e phenomena of combustion are raised to their highost degree of 
energy, and the results of such combustion &re gaseous or vaporous, explosion is the 
universal concomitant. Explosion is so usually associated witihveombustion, that we 
are apt to assume a necessary connection between the two : this supposition, however, 
would be incorrect. • The only condition necessary to explosion is the occurrence 
instantaneously of violent aerial concussions. A well-knownoinstruz^ent termed the 
hlaMer-glass demonstrates the truth of this assertion. ^ 

The bladder-glass is an instrument something l^e an old-fashioned salt-cellar in 
shape, but open at each end. Ovp the larger orifice is securely 
tied, by means of waxed thread, a piece of moistened bladder, 
which latter, so soon as it is dry, constitutes a hard, tense drum- 
I head in miniature. If a bladder-glass, thus duly prepared, be 

laid flat on the plate of an air-pump, its smaller orifice do’vn- 
ward, and the pump set in motion, a vacuum will be created within, and the full force 
of atmospheric pressure will take place externally on the tense membrane. Usually 
this atmospheric force •suffices to break the membrane with a loud crash. 

A vexy elegant means of showing the explosive nature of mixed oxygen and hydrogen 
gases is by inclosing portions 
of it in soap-bubbles, and set- 
ting fire to the latter. The 
apparatus for accomplishing ^ 

this result is exceedingly simple 
— a bladder, with stop-cock 
and tobacco-pipe attache^ and ^ 

a basin of soap-suds, being aU 

the experimenter requires. “ ^ 

When a pyramidal assemblage of soap-bubbles have collected on the surface of the 
soap solution, and the bladder has been removed, the pyramid may be ignited by means 
of a taper. A very loud explosion results, but the experiment is frqe from all danger. 
Inasmuch as the mixed explosive gases are lighter than atmospheric air, bubbles blown 
with it may be detached, when they will rise towards the ceiling, and may be ignited 
in their upward flight. ^ 

The explosive qualities possessed by a mixture in due proportions of oxygen and 
hydrogen ga^s supplies us also with the rationale of the explosive nature of a mixture 
in certain propor'oions of oxygen gas and atmospheric air. Although a consideration of 
the nature and qualities of the atmosphere only admit of being fully discussed sub- 
sequently to the investigation of nitrogen, nevertheless the ^udent having been 
already informed that the atmosphere is a mixture of oxygen and nitrogen, will 
comprehend, without difficulty, the significance of certain remarks about to bo 
made. So long as hydrogen, either uncombined or in union with carbon, is burned as 
it escapes irom a jet, no explosion can result ; but if, instead of burning at once, it be 
mixed with atmospheric air, then explosion, on the application of flame, is imminent. 
Such dangerous mixtures frequently occur. Thus, for instance, a flaw, or aperture, 
may occur in an ordinary gas pipe, permitting the escape of gas into an apartment. 
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under which conditioni explosion would probably result from bringing a lighted candle 
into the room ; but a far more dangerous contingency follows the mixture of hydro- 
genoul gas with atmospheric air in the narrow galleries of a coal mine. Acres of 
explosive gas may thtre be generated, waiting for the approach of a flame to ignite and 
work its desolation. A natural explosive mixture of this kind^is known to miners as 
the flre-damp, and its effects are unfortifnately too familiar for cemment. 

Now it is only piftsSibJe for the coel-miner to carry on his op^ations by the aid of 
artificial light, and it is of the utmost importance to bo possessed of a Ricans of illu- 
mination that shall ife incapable of exploding the artificial mixture. The first resource 
of this kind wjiich suggested itself to the miner was the steeUmilly as it is ordinarily 
termed. It consists of a 8tecl-c}slmder made to revolve in contact with a piece of flint. 
The consequence of this motioi^ is a shower of sparks ; and as flame is absolutely 
necessary to the explosion of fire-damp, the steel-mill admits of being worked with 
impunity. Unfortunately, however, the illuminating power of this instrument is but 
small, and its use is otherwise inconvenient. Next^followed the celebrated^lamp of 
Davy, ordinarily known as the Davy lamp, the principles and construction of which 
wiU be rendered evident by a few words of explanation. A sheet of wire-gauze we 
have already seen to bo an imjicdimcnt to the transmission of flame. The idea occurred 
to Davy, that if a lamp-flame were to be altogether surrounded by a cage of wire 
gauze, such a lamp might be allowed to remain in an atmosphere of caqilosive gas with 
impunity. Davy's opinion h confirmed by practice, so long as the mixture of explosive 
gases remains perfectly tranquil ; but the circumstance cannot be too strongly insisted 
on, that under these conditions alone of perfect tranquillity is it safe. It is also 
somewhat unfortunate for the posthumous fame of Davy, that he knew the lamp to | 
be unsafe ; indeed, in one of his descriptions of Ithe lamp, he intimates, that if the 
miner should come near a current of gas, he should protect the lamp by his hat. 
Notwithstanding the frequent accidents which have occurred concomitantly with the 
use of Davy’s lamp, a notion far mpre^ general than it is j^st still prevails, that the 
instrument is safe under all circumstances. 

Unquestionably the lamp admits of being made safo by application of Iho principle 
so beautifully worked out by Davy — viz., that fltfme of any power may be extinguished 
by the intervention of tubes or orifices polsessing a competent amoflnt of cooling 
surface ; but the melancholy experience of nearly forty years has amply demonstrated 
the small amount of reliance that should be placed on a single layer of wire-gauze. As 
regards the facility with which flame may be made to pass through the wire-gauze 
cylindrical screen, the records of numcroils coroner’s inquests bear striking though 
melancholy testimony. Miners have discovered the fatal secret of sucking out the 
flame by means of a tobacco-pipe, for the purpese of indulging in the luxury gf 
smoking ! 

The Oxyhydzogen Ught. — Wc have already seen that a very powerful flame 
results from the passa^ of a jet of oxygen gas ^rough an ignited jet of hydrogen ; still 
more powerful is the flame if the two g^es, in duo proportions, arc mingled together. 
Various plans have been devised and carried into execution for effecting this without 
danger. Some of these I shall now proceed to enumerate. 

Qumeffs Hydro^Oxygen Blowpipe , — Taking advantage of the fact which we 
have already mentioned, that flame is retarded by the intervention of a sheet of 
wire-gauze, Mr. Goldsworthy Gurney imagined that several layers of wire-gauze 
might even be efficient in checking the progress of flames resulting from tho com- j 
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bufltion of oxygen and Hydrogen gases. The result justified His expectotioM^ and 
Gurney’s hydro-oxygen blowpipe is xnade in conformity with the principle in question. 

The safety part of Mr. Gurney’s iastnnmeat 
consists of % osass cylinder, into which as 
many layers as it will hold of^aecumtely- 
fittin^wire-gauxe disca.are tighUy impacted. 
The reservoir part of the instrument admits of^much Tariatioii.*> <d<tmay Gonsist of an 
ox-hladder, o^ a gasometer, or an In^a-rubber hag. Mr.. Gumey preferred the 
former. 

SeminyU Safety Apparatus . — Kathcr more simple, and it may be more feee feom 
danger, is the safety apparatus of Mr. Hemming : it consists of a brass cylindrical box 
filled with pieces of brass wire, each of the same length as itself, and tightly impacted 
together by means of a metallic spindle, driven by hammering through its central axis. 
The result of this arrangement will evidently be a series of tubular orifices, determined 
by the interstices between the associated wir(!S. 

Par more usual, however, is it at present to rely 
on safety against explosion by retaining the gases 
each in its own reservoir, and mixing them in one 
common channel a littlo posterior to the jet The 

accompanying diaginm illustrates this ferm of cou- 
struction. 

The oxyhydrogen fiame is but slightly luminous in 
itself; hut when caused to play upon certain solid 
bodies, more especially lime, the light evolved is 
stronger tham almost any witli which chemists ai’e 
acquainted. Cylinders of lime arc usually employed 
fer this purpose ; and the combination evolves what is usually known as the Drummond 
Light. 

Relation of Bydxogen Gas to Sonnd.»'~All bodies, whether solid,, liquid, or 
gaseous, are capable of transmitting sound ; but the pitch of the sound, or its musical 
tone^ will depend upon the density of 'the material through which it is transmitted. 
AH our commem ideas of sound have reference to atmospheric air as the conducting 
medium; it is insiructive, therefore, to ascertai** the properties of gas so light and 
rare as hydrogen, when made to^ assume the functions of atmospheric air in this 
respect. 

Alteration of the JTuman Voice hy Sydrogen. — Hydrogen-gas is totally unable to 
support the functions of respiration ; ncvcrihelcss, it may be breathed once or twice 
c^seeutivel^ without damage to thb constitution, or the production of any tmpleasant 
symptoms. If dq)rolongcd expiration be made, so as to expel as much as; possible 
ordinary air firom the lungs, and a full inspiration of hydrogen-gas be taken from a 
bag, bladder, or any other convenient |prm of receiver, the experimentalist will 
on speaking, that the character of his voice has totally changed. In conducting 
experiment, absolutely pure hydrogen is unnecessary ; but the zinc employed in the 
operation of making it should at any rate be moderately free from arsenic and sulphur. 

I have performed the experiment several times with hydrogen, prepared by me|B8 of 
the ordinary commercial zinc, and with no unpleasant effect. The experimentalist 
may vary the demonstration by endoavoxxring to play on any wind musical instrument, 
or by blowing a whistle. 






COMBINATIONS OF HYDROGEN WITH> OXYGEN. 


A reirjr degant prc«ess for xihutratmg ihe acouatie properties of hy^rogoa-gas is 
by means of a bell. £t is as follows : — 

Sdtpend a reeeiymg-glass, ^ ropresented m the diagrasi) and 
fill it with hydrogel# by the process of displacement— that is 
to sny, by diberatiiig the gas underneath ; then take a bell , 
attached to a slender sod of metal, unmerse the bell in the gas, 
and strike with a litll# burner. Thessoimd of the bell will be 
fiiond to differ very^much from the sound it naturally emits 
when caused Jo ring in atmospheric air. 

Combiaalittna oi Hydsogen with Omygaii;, — ^Hydro- 
gen and oxygen unite in two psoportions, forming respectiycly 
the protoaside (water) and the peropide of hydrogen^ 



raoTOxiDE. or kyduooen (water). 

• Grains. 

Weight of 100 cubic inches at 62” Fah. = 262*458. 
Ditto ^tto at 60” Fah. = 252*5. 

Atomic or equivalent weight = 9. 

Atomic or equivalent \^lume= i i 


It has been already stated (p. 38) that water is a compound of oxygen and 
hydrogen gases, in the proportion of one volume of the former to two of the latter. 
Hence the combination admits of being symbolically indicated by the following 
.scheme : — 



II 


n 


== Water. 


Now, inasmuch as the atomic or equivalent volume of hydrogen is double the size of 
the atomic or equivalent volume of oxygen, it follows that watei* is a compound of one 
atom or equivalent of each of its constituents ; i8r whjleh reason it may be indicated by 
the symbolic representation of HO. ‘ • 

To direct the Reader’s attention todhc immense importance of water in the economy 
of nature, would bo a matter of pure supererogation. Suffice it to remark, that it is a 
constituent of every organised being, whether vegetable or animal — ^that it enters into 
the composition of numerous minerals. fAbout nine-tenths of our own bodies are 
water ; and in certain forms of animfll life-»thc Medusas, for iustance— it exists in a 
much larger proportion, • 

Although water is so widely distributed throughout the world, if is never found 
pure. Owing to the properties of this liquid os a solvent, it takes up by percolation 
through the soil nu^^erous adventitious bod^s. Even rain and snow-water are far 
from pure : not only do they contain adventitious substances derived from the solid 
materials with which they may have come in contact, but they hold in solution 
variable quantities of matters which might be little expected, such as nitric acid, 
ammonia, and, if recent experiments are to be trusted, iodine, Nor should it be for- 
gotten that water, even when purified from every kind of solid matter, may hold 
impurities, of another kii^d — gases or air. Certain gaseous bodies, such as ammonia 
and hydrochloric acid gas, are absorbed by water with such energy that the pneumatic 
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trough does not admit of being employed for collecting them ; and there are perhaps no 
gases whatever that cannot be absorbed, to some extent, by water. Atmospheric air is 
in this category. The quantity of it capable of absorption by water is very i^aall ; 
nevertheless, a portion is thus absorbed : and the fact is most important to be remem- 
bered, for without the presence in question of atmospheric air the functions'of aqueous 
respiration could not bb performed by fishes and other marine animals. 

Although water never exists natur^ly pure, the kinds of 'mf^urities are almost 
infinite, and thMr proportions various. Absolutely pure Warer, though fatal to aquatic 
animals, because it is unable to support their respiratory functions, may ^e ingested by 
aerial breathers without appreciable bad results. It is unpalatable, however, and 
perhaps not [very conducive to health. Impure wa^er, therefore— using tho term 
impurity in its accepted chemical sense — ^is best calcvlatcd to fulfill the intentions of 
nature. But tho impurities must not exceed certain limits, or the^ water, ceasing to be 
merely dietetic, becomes medicinal. Supposing this excess of impurities to bo of a 
mineral character, as is usually th^ case, the designation mineral water” is applied. 

Division of Mineral Waters . — ^Perhaps the most convenient division of mineral 
waters is that adopted by the late Dr. Pereira, in his “ Ej^ements of Materia Mcdica.” 
He groups them into the four classes of chalybeate^ sulphureottSy aeidtdons^ and salim. 

Chalybeate waters are those in which iron predominates — for the most part in the 
state of oxide held in solution by carbonic acid, though occasionally the acid present is 
the sulphuric. Sulphureous or hepatic waters owe their peculiarity to the existence of 
hydroBulphuric acid (sulphuretted hydrogen), in a free state, or to tho presence of 
various easily-decomposed sulphurets. This variety of mineral water may be known 
by the nauseous odour evolved — an odour similar to that liberated from rotten eggs ; 
also by their striking a black colour with solutions of lead, silver, bismuth, and various 
other metals. 

The acidulous mineral waters owe their distinctive peculiarities to the^prescncc of 
carbonic acid, either alone, or in combination, with bases. A small quantity of carbonic 
acid gas usually exists in all natural waters— seldom more than three or four cubic 
inches to the hundred, whereas the richest specimens of mineral waters acidulated by 
carbonic acid have more than 200 cubic inches to 100 of water. According to Alibert, 
the waters, of St. Nectaire hold no less than 400 cubic inches in 100. Mineral springs 
of the acidulous class are not unusual in Germany ; but that of Ilkestrn, near Notting- 
ham, is the only one we have in England. 

Saline mineral waters are very numerous and important ; their composition, too, is 
subject to more variation than waters of eitCer of the preceding classes. It would be 
out of place in a volume on Chemistry like the present to treat of the composition of 
mineral waters more fully, or describe their medicinal virtues. 

Without containing a sufficient amount of adventitious bodies to come under the 
denomination water naturally existing, and commonly employed, admits of 

a wide range of variation as to the foreign constituents whieft it contains. As a 
general rule, water drawn from a w’eU or spring, is far more charged with saline impu- 
rities than water taken from a running stream ; but, on the other hand, it is usually 
more free from organic impurities than the latter ; hence, spring water is preferred as 
a drink. When employed, however, for the purpose of making vegetable infusions — 
such as tea or coffee, or for washing- any considerable amount of mineral bodies pre- 
sent in water, is most injurious, giving rise to the quality known as “ hardnsss'* 
None except those who have tried the experiment can imagine the efficacy of pure or 
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distilled water in extij^cting the virtues of tea and coffee, or the luxury of employing 
it for ablution. 

Method of Testing the Furity of Water,— -To determine the exact percentage of 
foreign materials piesent in 'any given sample of water, or their exact composition, 
involves a, chemical analysis ; but a very good practical notion of the relative 
amount may bo derived from the evidence of a simple test-o-a solution of soap in 
alcohol. 

To prepare this test<^quor, cut portions ot soap in small pieces, agitate them with 
alcohol until dissolved, and secure the solution in a bottle. If a little of the solution 
bo added to ^ater diqjilled, or absolutely pture, no turbidity will result ; nor will there 
be any perceptible turbidity, if,^ for distilled water, rain or snow water be substituted ; 
but with the greater number o( samples of spring water a visible turbidity will bo 


apparent. 

Pure or Distilled Water-^The only methods"of obtaining water in a state of absolute 
purity are its synthetical preparation, by causing oxygen and hydrogen gases to unite, 
and the distillation of ordinary water ; the second method is alone'of practical importance. 
Persons much engaged in thc*pcrformance of chemical experiments require a copious 
allowance of distilled wate!*, and usually procure it by the operation of a still and 
condensing worm, the construction of \^hich I shall presently describe. Frequently, 
however, when the quantity of distilled water required is no more than a few gallons 
per week, as in laboratories of mere research, the necessity for a still may be altogether 
dispensed with, and the purity of the distilled water assured, by utilising the heat of 
Argand gas flames employed for the purpose of illumination. The apparatus required 
is of the simplest description ; it may consist of a large glass flask, in which the water 
is evaporated, and a large bottle in which it is’ condensed, the necessary connexions 
being accomplished by means of glass tubing and india-rubber unions. I have an 
apparatus of the kind in my laboratory ; it is constantly at work, and answers exceed- 
ingly well. The accompanying diagram is explanatory of ijs construction. 

The large flask, F, 
holds about a gallon, and, 
as the diagram represents, 
is supported by a ring, E, 
attached to the^all. Tho 
gas flame is that of an 
ordinary Argand burner. 

C C 0 are connecting 
pieces, made by cutting 
off small lengths of vul- 
canized caoutchouc tub- 
ing, and joining the pieces 
of glass tubing, G C^G G, 

The seemingly 



i. 



horizontal portions of the glass tube are suspended at a convenient distance from the 
coiling by lengths of string, represented in the diagram, but not indicated by lettering ; 
in reality, the portion in question proceeds with a slight fall in the direction of the 
arrows, for the obvious reason of determining a flow of condensed water in the required 
channel. Every portion of the glass tube is of the kind known as quilled glass, not 
much larger in diameter than the stem of a clay tobacco-pipe. The receiver is made 
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of « large druggist’s show* bottle, around the neck of which some folds of strong 
brown paper have been pasted, for the purpose of imparting roughness of surface, and 
givix^g fimr hold to a sheet of india-rubber, which has been tied down over the i^outh 
of the bottle like the parchment head of a drum. Thfough the india-rubber drum-head 
throe small holes have been pierced in such manner as to enable the three glass tubes 
represented in the diagram to be passed through, air and steaiqt-tight The vertical 
glass tube, V, rising {foout six inches above the ^india-rubber dmuxL’head, and pasmng 
almost to the bottom of the receiver, is* for the purpose of equalizing the pressure of 
steam, by virtue of ordinary hydrostatic principles. It remains now to be e^lainod 
that the quasi-horizontal portion of the tubular arrangement haij been much Aliened 
in the diagram for the sake of convenience. In my apparatus it is ten feet long, and 
might be extended still farther with some little advantage, inasmuch as the oliject 
desired is to cool the aqueous vapour by mere atmospheric influences, no artificial 
cooling agent being employed. As regards the method of getting water out of this 
closed receiver when required it is^as follows : — A syphon of glass tube being joined by 
an india-rubber connecter to a vertical piece also of glass tube, the latter is I’ctained 
in situ by means of the wire hook A, and so long as thds retained it is evident that no 
water will flow ; but if the vertical piece he lowered in the direction of the dotted lines 
terminating at G', and suction he applied by the lips, a current of water will ensue. 
When the operater is desirous of causing the flow to ocasc he has only to lift up the 
delivery tube to dfts original position, securing it by the wire hook A. This hook, it 
must be remarked, is represented ais totally separated from the apparatus, to avoid 
confusion in the delineation. A consideration of ordinary hydrostatic laws will -demon- 
irate that one aspiration will serve for an indeflnite period, and that water can he 
caused to flow at any period subsequent to the first operation by merely lowering tbc 
delivery tube to the dii-ection of G. By the above-mentioned arrangement it follows 
that the distilled water contained in the receiving bottle being isolated fi’om contact 
with the external air is always retained in a state of purity. Were it not for the 
protection of the caoutchouc drum-head, carbonic and sulphurous acids, resulting from the 
combustion of coal gas, also various mechanical impurities, would be absorbed, thus 
rendering the water impure. Whether the pioceding or any other form of distillatory 
apparatus be eiAployed, neither the first nAr the last portions of steam resulting from 
any one eflarge of water should be collected ; the former arc liable^ to hold certain 
gaseous bodies in solution, the latter empyrcumatic matters. 

The StilU — The theory of distillation is exceedingly simple. It may bo defined the 
operation of raising volatile substances in thir condition of vapour, and condensing the 
vapour by application of cold. In its most restricted sense, the tenn disiillaUon” 
applies to liquids only ; the term being given to the veiLatiliz«.tion of 

solids, and the subsequent condenstdiooL of fiheir v«|Mur into the solid form once more. 
Both oemditions, however, arc frequently of as distillation;*'* and, indeed, the 

term is eVen extended to the evolution of gases from substanoeft capable of yielding 
them, though no subsequent condensation takes place. On the large scale, the prooess 
of distillation is always conducted by means of a still anid worm-tub, the fonner 
generating vapour, the latter condensing it. The conatruction of stills is very diversi- 
fied, but the still in its simplest form is as follows : — 

, A is a vessel, usually of turned copper, into which fluid intended to be distilled is 
pourod through the apeature N, the latter hoing closed during the operation by a flcrow. 
B is tlie head or capital of the still, temporarily attadaed to the body by one of many 
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contrivances ; such, foj; instance, as binding screws, a ground joint, or by the inter- 
position of a paste or 
lute. aC is the beak or 
spout of the still, teriai- 
nating at th® point <?, by 
which it is connected 
tho worm or condeqpbiifg^ 
part of the apparatus. 

This worm is a s^al 
tube of meytal, ^mmersad 
in a tub of cold water, 
and terminating at the 
stopcocks. The function 
of this worm is obvious : 
by contact with the cold 
water contained in the 
tub^ its heat, and conse- 
quently the heat of the 
steam which pervades it, 
is rapidly absorbed, and thus condensation of the vapour is "accomplished, which, 
assuming the liquid condition, finally runs off through the stopcock s. 

It is evident that the perfection of the cooling instrument described alcove will be 
proportionate with the amount of cold that can be applied by means of tiie water in 
the tub ; hence it follows that the more rapidly the water is changed, the better is the 
result. Moreover, inasmuch as hot water is specifically lighter than cold water, it 
follows that the contents of the worm-tub should be drawn off as near to its surface as 
possible, and should be replenished below. 

The form of distillatory apparatus known as the still and worm is very little 
employed in chemical laboratories of research, except for the purpose of distilling 
water ; it almost exclusively belongs to the department of manufacturing chemistry. 
On the small scale the operation of distillation is 'usually conducted by means of flasks 
and retorts attached to some kind of condensatory apparatus. The various ]\pcessitics 
involved in the ooiiirse of distillatory <^crations require numerous kinds of apparatus 
for effecting condensation. For general purposes, however, the condenser known as 
Liebig's is unquestionably the best, and thcreforo merits a special description. It is 
constructed as follows : — 

Procure a tube of brass, copper, or tinplate, nf about two and a-half inebps diameter, 
and not less than two feet long. Occlude cither end of the metallic tube with au 
accuratdy-fitting bimg, rendering the juncture between the cork and -flie metal water- 
tight by some appropriate lute. 
To this end there is nothing | 
better than a stiff paste of white j 
lead ground in oil, but, as it is 
rather long in drying, a lining ^ 
of sealing-wax may be substi- 
tuted for that end of the tubc^ 
which will be furthest removed fhm i the retort, flask, or otiier distillatory vei^l, and 
whidi will therefore he tibe cooler of the two. 
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The next step in the manufacture of Liebig’s apparatus^ consists in boring two 
lateral holes in the metal tube, one near either extremity. Into each of these holes 
solder a piece of gas-pipe about eight inches long ; bend one of these pieces ifito the 
form of a syphon, and solder to the extremity of the 'other a smaU tin-plate funnel. It 

now only remains to 
, perforate ■ both corks, 
« ^nd to thrust securely 
through the pefora- 
vions a length of glass 
tube, somewhat funnel 
shaped at one extrem- 
ity, and the apparatus 
4s complete. The func- 
tions of this elegant 
condenser will be rea- 
dily understood by re- 
ferring to the annetxed 
diagram, which shows it mounted in connection with a distillatory retort and a receiving 
vessel. 

Every theofteticol njondition for obtaining the maximum cooling eflfect of water is 
here applied by^the most simple means. Inasmuch as the most elevated extremity of 
the metallic tube contains the hottest water, the final departure of that liquid should 
take place from the point in question. It does so, as the student will perceive, through 
the syphon-like termination ; and a continuous stream of cold water is supplied at the 
lower extremity of the apparatus through the litUo tin-plate funnel. 

Temperature at which Water assumes its Mauimum Density. — 
If water at some elevated temperature, say'210, be poured into a bulbed glass tube 
^vith long stem, and the^apparatus gradually coolpd down to the freezing point, 32® F., 
a peculiar phenomenon in relation to volume will be observed. In proportion as the 
cooling agency jirogresses the liquid column will bo seen to descend, 
owing to the general contraction of ^che water operated upon. At 
length, however, at about 40° Fah., notVrithstanding the continued 
agency of the cooling process, the descent of ^he column ceases, 
remaining for a moment stationary, and then once more rising, 
until the water has been cooled to 32° F. (the freezing point). 

This is a remarkable effect, and it is practifeally of great importance 
in the ope^tions of nature. If water, like other bodies, acquired 
«ts maximum density at the point of solidification, ice would no 
sooner be genefated than, sinking to the bottom of the generating 
water, it would there accumulate, and be removed so far from the 
influence of the sun’s rays that it would never melt. The coj*se- , 
quences of this result would be incompatible with the existence 
of aquatic life, and would, moreover, bo highly injurious to terres- 
ti'ial animals. 

! The expansive force of water, from its point of maximum condensation to freezing, 
•is enonnous. Its exact amount has never been ascertained; but the moat violent 
mechanical effects have been produced by its agency. 

CrystaUized Water {Ice). — 'Wa.tGTy in becoming solid by the agency of cold, usually 
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assumes the coiidition.^of an amorphous mass, in which the figures of no definite system 
of crystallization admit of being traced. Ncvcrthcli^ss, snow-flakes produced under 
ccrtaiis atmospheric conditions — more especially those flakes which occur mixed with 
^ " fluid water, and are usually denominated 

sleet — disclose regular crystallographic 
axes, belonging to the rhombohedral 
system. The subjoined diagram repre- 
sents a few of these crystallographic 
forms. They arc seen to be elementary 
' regular six-sided prisms of six faces, 
grouped in stelliform arrangement around 
a centre, in such manner as to form 
angles of 60° and l^b\ These, as crj'stal- 
lographors are well aware, characterize the rhombohedral system. 

Binoxide or Peroxide of Hydrogen, HOo.— Unlike w'ater, which is one of the most . 
common natural productions, the binoxide of hydrogen only admits of being prepared j 
arti/icially in small quantities. ** It was discovered, in 1818, by Thenard, whose I 
process of manufacturing it Has never been improved upon. | 

The theory of its production is simple, altibough the operation, when practically 
carried out, involves many diflicultics. We have already seen, when describing the 
production of oxygen, that the peroxide of manganese readily abandoHs a portion of its 
oxygen under suitable treatment. Many peroxides are endowed with a similar pro- 
perty ; but if the peroxides of barium, or strontium, or potassium, be decomposed in 
contact with water, the liberated oxygen docs not make its escape ; it combines with 
W'ater, and gives rise to the peroxide of hydi-ogcn. The |>eroxide of barium was 
originally employed for this purpose by M. Thcnard ; and it is, in all respects, the 
most convenient. 

Process of Manufacture. — Saturate some peroxide of barium with water in a mortar 
until a somewhat liquid paste results. Add to the latter, by small portions at a time, 
a mixture of one part of ordinary hydrochloric acid and three parts water, stirring the 
mixture assiduously with a glass rod. The peloxide of barium is decomposed, and 
chloride of barium results, but no gas escapes. The appended diagraihmatic scheme 
illustrates the nature of the change ersuing : — 

Oxygen ^ 7 Binoxide or Peroxide 

Peroxide of Protoxide of / Barium . . * / of Hydrogen. 

Barium ' barium j / 

^(Baryta) I Oxygens / 


Hydrochloric ( Hydrogen Water^\^ 

acid. (Chlorine Chloride of Barium. 

Or, adopting chemicaT^ormiilie, the decomposit^n is expressed as follows 
Ba03 -f HCl = BaCl + HO^. 

As soon as a sufficient amount of hydrochloric acid has been added to saturate the 
baryta, small successive portions of sulphuric acid are poured in, by which treatment 
sulphate of baryta is formed and precipitated, leaving the supernatant liquor a mixturn 
of hydrochloric acid and peroxide of hydrogen, as represented by the following diagram 
and formulm. 
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TROF^RTIES OF PEROXIDE OF BARIUM. 


] 

j 


Chloride of ( Chlorine 
Bariom ( Baiiam 


■\Vator 
Sulphuric acid^^ 


''Hyi^rochloric acid. 


Baryta 



BaCl + no + S03 = BkaSOa + HCl. 


Sulphuric acid is now cautiously added, care being taken not tb supply it in coccess. 
Sulphate of baryta is separated by dltration through doth, an^ a liquet* is at longth 
obtajped strongly impregnated with peroxide of hydn^n. This liquor is to be mixed 
with more peroxide of barium, and the operations already described repeated, until a 
fluid strong in poroxMe of hydrogen remains. Sulphfitc of silver siow being poured in, 
chloride of silver deposits, and sulphuric acid re-dissolves* in the liquor. 


^ Ilydrochlorio 
acid 


Sulphate of 
Silver 


(Chlorine 

I Hydrogen>N. 

Water 

^ Oxygen 

■V Silver » . 

f Sulphuric acid. 


Chloride of Silver. 
Sulphuric acid. 


jVgO.SO^ + nCl = AgCl + S03 + HO. 


Finally the sulphuric acid is precipitated by a solution of baryta, added by suc- 
cessive small* portions in such manner that no more than the exact amount required for 
decomposition may be poured in. Tho liquid is once more filtered, and evaporated 
under tho receiver of an air-pump* containing a dish of sulphuric acid. By these 
complicated operations tho peroxide of hydi*ogcn may be obtained quite pure, and in a 
high state of concentration. 

One essential condition necessary to the success of tho whole process has now to be 
indicated. The solution ^'during the course of treatment must be immersed in ice, 
otherwise the decomposition of tho peroxide of barium develops so much heat that the 
peroxide of hydrogen is not formed. .. 

Properties,-i,’‘Tlni peroxide of barium xcduccd to its highest dcgi'cc of concentration 
is a colourless liquid of syrupy consistence, endo-^ed with a peculiar and characteriftic 
odour. Its specific gravity is 1*453, and no degree of cold has hithefto sufficed for iLs 
congelation. It is liable to be decomposed by slight causes, especially when pure. 
The presence of a little acid renders it Inora stable. 

Peroxide of hydrogen has not hitherto been applied to any useful application ; 
but if some £asy process of manufacturing it coukl be devised, there is reason to believe 
it Avould be valu^-blc in this respect. Its employment has been suggested for restoration 
of the whites of oil-paintings, which it accomplishes at once, converting the blackened 
carbonate of lead, or rather sulphide of that metal, into tho whit^^sulpliatc. 

NITROGEir, OR AZOTE. 

Equivalent, or atomic weight ... 14 

Specific gravity ..... 0*9713 

Weight of 100 cubic inches , . . 29*73 grains (Davy). 

Herwatim of r<»*i».— The expression nitrogen (the nitre-former) was given to the 
clement under consideration, because of its being a constituent of nitrate of potash 
(common nitre), which is the crystalline result of the union of nitric acid (aquafortis) 
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j with potash. The tcrgi azote is derived from a combination of the Greek privative 
a, with the word life^ thus indicating a leading characteristic of the element— its 
: inability to support the function of respiration. 

jaTwtory.— JDr. Ruil^erford, of Edinburgh, was the first who appears to have dis- 
; covered nitrogen gas as individualised from man}’’ other gascqns bodies to which the 
j general term, mephitioair, had previousfy been applied. This occurred in the year 1772. 

] Subsequently Lavc^di*,^by a beautifully-devised experiment, separated it fmm the 
I atmosphere, of whicji he proved it to be a universal constituent. Scheolo, without 
! previous acqiyiintancc with the experiment of Lavoisier, effected the same demon- 
stration shortly afterwards, and thus secured to himself the merit of an original discoverer. 

In French the rfslcmcnt under consideration is known as nUrogine^ or 
azote i in German, stiehatoff. ^ 

Form under u'hieti Nitrogen exists. — Nitrogen has hitherto been produced only under 
one form of material aggi-egation— namely, as a gas. 

Freparation of Nitrogen Gas. — If a common tapir, or piece of wood, cliftrcoal, or 
indeed any other combustible body, be burned in atmospheric air, the results of coinbus- 
i tioA separated, and the remaining gas collected, it will be found unabld to support com- 
I bustion a second time. This is owing tqthe absorption of oxygon by the combustible, 
i Theoretically, therefore, nitrogen should be procurable by burning away the percentage 
; of oxygen existing in the atmospbcrc. Fractically suc^ is the* kind^of operation fol- 
' lowed ; but not every combustible will suffice. One is required that has a powerful 
i affinity for oxygen ; and which is, therefore, capable of removing evcry.tracc of that 
I element. Phosphorus is the substance generally employed for that purpose, 

I Frocess 1. — Over the shelf of a pneumatic trough, containing a proper amount of 
j water, float a little dish of porcelain, or metal, containing a piece of phosphorus. 

Ignite the phosphorus by contact with a hot wire, then cover it with a gloss bell- 
I shaped deflagrating jar. Violent combustion will ensue, and the boll-jar will be 
speedily filled with vapours of phosphoric acid ; the latter, however, is soluble in water, 
and, therefore, ultimately disappears if the jar be allowed to stand for a suffioient 
time over water. Its removal may be effected still more rapidly, however, by trans- 
i ferring the contents of the bell-jar to another vessel under water, enjjl repeating the 
transference until absorption of the phosphoric acid has been complete, whifih may be 
lenown by the tfansparency of the ihclosed gas, which is nitrogen almost pure. If 
required to be quite pure, and to bo made by the operation just doscribod, the small 
amount of carbonic acid always present in atmospheric air must be separated, by means 
i)f prolonged, contact with fused potash, before the removal of atmospheric oxygen by 
means of phosphorus is proceeded with. * # 

I Frocess 2. — Red-hot copper speedily removes oxygen from atmospheric air, aifd, 
therefore, sets nitrogen free. Taking advantage of this fact, a ready means of pro- 
ducing nitrogen is suggested. The necessary disposition of apparatus will bo as 
follows : — Fill a tubc%nade of hard glass witli copper turnings or shavings ; heat the 
tube to redness in a furnace or over a few pieces of burning charcoal, and transmit 
through it a graduated stream of atmospheric air. Decomposition rapidly ensues : and 
; if the copper turnings be sufficient in quantity, and the current of atmospheric air 
I sufficiently slow, nitrogen, unniixed with any oxygen, will he evolved, though, ot‘ 
I course, slightly contaminated with the small portions of carbonic acid invariably 
; present in atmospheric air. If the air, before being subjected to the agency of red-bot 
; copper, be made to permeate a tube containing cau.stic potash, all the carbonic acid will 
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be remoYcd ; and a second tube filled with pumice-stone, moistened with oil of vitriol, 
will also effect the separation of every trace of atmospheric moisture. 

Froeess 3. — Nitrogen admits of being liberated in a condition of great purity by 
decomposing ammonia by chlorine. Ammonia is a compound of hydrogen and nitrogen, 
in the atomic proportions of three of the former to one of the latter. One part of the 
ammonia suffers decoliposition in the precedmg operation ; chiorine, by uniting with 
hydrogen, forms hy^ochloric acid, wjuch latter, uniting wi^ lome ammonia still 
remaining undeeomposed, generates hydrochlorate of ammonia, jfrhilst nitrogen, thus 
isolated, makes its escape. 

The apparatus necessary for accomplishing this dccompositicn is rcp'rcscnted under- 
neath. The glass flask A contains 
fomo finely-powdered peroxide of 
manganese, upon which a portion 
of hydrochloric acid is poured 
through the bent tubular apparatus 
^ Heat being applied, chlorine 
is evolved; and passing into the 
ammoniacal solution contained in 
the Woulfes bottle r, the play of 
decomposition just indicated takes 
place. Gaseous bubbles, perfectly 
devoid of colour, are evolved ; and 
passing into the receiving-jar^, are 
there collected. The gas is nitrogen . 
This process may be productive of great danger in negligent hands, owing to tlic 
formation of the chloride of nitrogen, the most violently-explosive substance, without 
exception, known to chemists. So long, however, as the Woulfes bottle contains a 
well-marked excess of anv<noniacal solution no danger can arise from this source. 

Properties , — ^Nitrogen gas is characterised by its strictly negative properties. It is 
neither acid nor alkaline. It is not combustible, nor does it support combustion. It 
docs not yield a precipitate with any chemical agent. It has neither taste nor smell. 
The incapacity of nitrogen to support the respiratory function has already been adverted 
to ; nevertheless, it cannot be actively injurious to animal life, seeictg that it consti- 
tutes four-fifths of atmospheric air. Nitrogen gns is capable of solution in water to a 
very slight extent, a thousand volumes of water absorbing about twenty-five. 

TUB atmosfhehe. 

Weight of 100 cubic inches 31 grains (Prout and Dalton).* 

Specific gravity 1 (or unity). 

Atmospheric air is regarded by chemists as a mixture — not a chemical combination 
— of oxygen and nitrogen gases, in the proportion by volume of <.,.no to four, or at least 
very nearly, together with variable amounts of aqueous and other vapours, and a small 
quantity of carbonic acid. In addition to the preceding, which may be termed normal 
atmospheric constituents, there ' are always present certain, gaseous and vaporous 
results of animal and vegetable decompositions. 

. Lavoisier, as I hava ftkeady stated, was the first who determined the atmospheric 
composition. His process of determination consisted in heating mercury confined in a 

* See pages 166, 169. ' 
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limited volume of air f(jr many days in succession ; by which means the quicksilver, 
to use the expression of that day, was calcined (brought to the condition of red oxide 
of mertjury). Lavoisier noticed that the volume of atmospheric air exposed to this 
operation became deoaeased in*bulk, evidently from the absorption of 'something, and 
that the remaining gas no longer supported combustion or animaHife. It was nitrogen. 

lie then collected the red oxide of ihercury, exposed it to heat in a glass tube, by 
' which treatment oxjrgAi^as evolved .> and he demonstrated thc^ leading qualities of 
oxygen now so famHiar to chemists, and which, under the head of ^)xygen, have 
already been Retailed. He finally mixed the remaining nitrogen and the evolved 
oxygen together;, and reproduced a gaseous mixture, corresponding in every respect with 
atmospheric air — which indeed ii was. 

Detei^mnation of the Composition of Atmospheric Air* — The analysis of atmospheric 
air involves two kindl of proc(jsses ; one for determining the amount of aqueous vapour 
and carbonic acid present, the other for indicating^ the percentage amount of oxygen 
and nitrogen gases. Carbonic acid is usually removed by means of caustic solution of 
potash, through which the air is caused to pass in small bubbles. Aqueous vapoui* 
may bo removed by causing the air to permeate fragments of chloride*of calcium in a 
tube, or fragments of pumice-stone thoroughly moistened with sulphuric acid. 

The most convenient instrument for effecting the removal of carbonic acid 
« f»'0!ii gaseous wherewith it may coexist, w;is devis^bd b}^ Liebig, and is 

represented in the annexed cut. It consists of a glass tube 
bent into the form of a triangle, subsequently to the formation 
in its length of a senes of bulbs. Solution of potash being 
introdueed by aspiration into the three horizontal bulbs until 
they are almost filled, and partially into the others, the apparatus 
is ready for use. It will be evident that by establishing a con- 
nection between the extremity g and any other tube liberating 
gas, the latter will be caused to bubble through the pot»sh 
solution under the restraint of some slight pressure, this 
being the condition most favourable to absorption of carbonic acid. It will also be 
evident, on consideration, that the amoun^ whether of atmospheric vapour or of 
carbonic acid, contained in a given volume of atmospheric air, may be readily deter- 
mined by weighing the chloride of ctficium tube and po^sh bulbs respectively. 

Determination of the Relative Amount of Oxygen and Nitrogen p%'esent, 1. By the 
combustion of Phosphorus. — The process of ^liberating nitrogen by the combustion of 
phosphorus in atmospheric air effects t he analysis 
of that air; but there are certain difficulties i^ 
practice which militate against a correct result. 

A more coiTcct method of proceeding is the* fol- 
lowing. 

2. By the Prolonged^Contaet of Fhosphorus, — A 
simple arrangement for conducting this operation 
is the following Take a small tube retort, drop into it a piece of 
phosphorus, and insert the mq^th of the retort in a glass of mercury. 

Dispositions having thus been made, gradual absorption of the oxygen 
will ensue, and the amount or voluma of nitrogen remaining may be 
transferred to a graduated glass tube, and estimated with facility. A still 
more correct plan of obtaining a similar result consists in casting a small bi 
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phorus, with the end of a platinum wire in its substance, and elevating the ball into a | 
tube containing atmospheric air over a surfaeo of mercury, as represented in the pro- I 
coding diagram. The operation of casting the ball of phosphorus must neccssaiMly be ; 
X)crformed under tho surface of hot water. ‘ »/. 

3. By a Solution oj Sulphate of Iron saturated with BimxUh of Nitrogen , — ^This | 

solution rapidly ahsoidts tho oxygen of atmospheric air, and liberates nitrogen, thus { 
effecting tho analysis but the process ^s not frsquently adopted ii^practicc. | 

4. By ^gassing an JSlectrie Sparh through a mixture of Atmosphepe Air andNydrogen. ! 

.^...This process involves the employment of the eudiometer, an instrum^^nt the various | 
fom^ ot which have already been explained at page 231. The«thcory pf this process j 
is very easy, ndr is execution difficult. Tho result of detonating a mixture of ' 
atmospheric air and hydrogofi by the electric sparje, is the formation of a portion of 
water, the original bullc of gaseous mixture being prc^ortioi:alely decreased. The 
decrease of gaseous buHc can be readily seen by inspection ; and i^om a consideration 
of its amp^unt the bulk of oxygen ^jriginally present in the mixture uud^r treatment is 
at once determined, oue-thM of tho diminution being equivalent to' the oi^ginal bulk 
of oxygen. Thb rationale of this will be evident when we consider that two vnlufm^is 
of hvdrogen unite with one volume of oxygen form water, and that to the production | 
of water alone is tho diminution referable. [ 

5. By immehing a spongy^ Flatinum Ball in a mixture of jfMdtpherte Air ffnn 
Hydrogen. — Directions for operating wuth spongy platinum, as a substitute for an 

■ electric spark> have been already given at page 294. 

i The results of innumerable analyses have proved that atmospheric air is a mixture 

; of oxygen and nitrogen gases in the following proportions : — 

! COMrOSITIOX OP TBU ATMOSPHERE. 

I By Meastiro. 

t Oxygen . , . 20*90 

Nitrogen . . 79*10 

100*00 

V. — — » ^ 

It will he that tho proportiom given ere nearly in the mhr of fbur vohimes j 
of nitrogen to one of oxygen ; ' 

] 

I. 

4 . [JL. I 

” r 6 ! 

i' 

0 ■ I 

and, indeed, thfe opinion is entertanied by many persons that any discrepancy from this 
exact ratio, as evidenced by analyses, is solely referahlie to errors of manipulation, i 
Other chemists, otL the contrary, beHcicn that the variation i^ too eoCKddsrable for | 
explanation by Oiat hypothesis, and found on thin circuoistainea an argument in favour I 
of fba theory that atmoepbforic air is not a ehemicsd compound, but a metdiaflieal ; 
xnlxtee of oxygen and nitrogen gases, inasimteh as all gatcous chemiicfd ecaapoands : 
La wwr n ft) chemists are f esnlta of &e nnicfi of de^nlte volumes of fhs pf&ui^e ; 

gaiMg’ withotitt the c^ntranee of awy 

There are^Othar ha addnead ha Ihvm of ! 

,;(tnlo!ttof cjiygan wMB jmlfaogen ift «twosi»herte a#: Soma of tha most weighty m | 



By Wcifrht. 

Oxygen 23*10 

Nitrogen , . 76*90 

' 100*00 
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follow :<r— Tho act of cl^mical combination betwoon.two bodies is genorolly attended by 
some notable change of temperature ; but no such change is recognisable on mixing 
oxygbA and nitrogen gases in the proportion necessary to form atmospheric air. The 
result of chemical uQion again* is generally, if not ^always, a body differing in one or 
more charaotoristics from the constituents entering into it ; but the properties of atmo- 
spheric air may be coigrcctly described sb a mean of the proper^s of each. But, per- 
haps, the most pow^rfal argument in favour of the mechanical nature of atmospheric 
air is the following Both oxygen and nitrogen gases are slightly soluble in water, 
as is well hnjwn ; lut althouf^ atmospheric air is said to be also soluble to a slight 
extent in wat(jp, this s|;atcment, to bo quite correct, must be a little modided. Careful 
analysis of the gaseous matter absorbed by water proves its composition to be — 

Oxygen ..... 32*00 
^S’ltrogen . 68 00 

Whereas, if atmospheric air were absorbed in the strictest sense of the expression, 
the composition should be — 

Oxygen ..... 20*90 
Nitrogen . . . . 79*10 

If atmospheric air be nol a chemical compound of oxygen and nitrogen, but a mero 
mechanical admixture, some explanation is necessary of the cause which maintains 
them in such perfect homogeneity; for though it be true that Ac di^orence of specific 
gravity between oxygen and nitrogen gases is only flight, yet that difference should 
suffice to determine their separation, accorffing to the ordinary laws of gravity as evi- 
denced by solid and liquid bodies. Whatever may be the ulUmato chuse of it, the 
phenomenon of gaseous diffusion is now woU recognised as something distinct from 
chemical attraction. A striking experiment, illustrative of this property, was per- 
formed by Dalton. This philosopher took two cylindrical vesselB, one of which was 
filled with carhonio acid, the other with hydrogen gas and the latter being placed 
uppermost, a communioation wa^ establisl^d between them. Notwithstanding the 
great difference between the specific gravity of hydrogen and carbonio acid— the latter 
being twenty-two times heavier than the former—perfect admixture will i^eedily 
ensue. 

Dr. Dalton explained this phenomenon ^y the assumption that th^ particles of one 
gaa manifested^ attraction for thca particles of all other gases, with Ae^xoeptkni of 
itself— -according to which supposition one gas may he regarded as being a vacuum to 
another, a deduction which accords sufficiently wdfi with observed phenomena, though 
it fails to assign their cause. 

To Professor Graham we owe the fullest exposition which has boon made of the law 
of diffusion of gases. His experiments and d^uctions have already &on given in a 
former part of this treatise (page 176), / 

EasUnt of the Mmeph^e . — ^The atmosphere is not of eqw density throu^out 
This follows of noegasity, seeing that its lower strata have to bear the superinoumbent 
weight of all above. The most direct means of proving the increasing rate of atmo- 
qpherio attenuation upwards, is by noticing the fall of a column of mercury in the 
barometor, the nature and constmtion of which will be soon explained. Miiah 
^[leoulatxin has arisen conceming the distance from the earth's surface In which the 
; atmosphere extends. Some philosophers have advocated the opinion that Uwr pro- 
gressive attenuation upwards is infinite, and that it consequently pervadsi «]{ tptKso ; 
but the most prevalent idea is that it does not extend further than forty-tvaaO^ In 
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the “ PhiloBopliical Transactions for 1822, there is a paper Dr. Wollaston on the 
finite extent of the atmosphere, in which the hypothesis embodied in the title is argued 
with much ingenuity. If the atmosphere be supposed infinite, it should pervAfie all 
space, and the heavenly bodies should each attract a portion commensurate with their 
own maas or gravitatix^ power. But certain astronomical observations made by Dr. 
Wollaston and Captain Kater are in favour of the conclusion .that there is no solar 
atmosphere ; and the \;bservations of other astronomers render the [supposition probable j 
that the planet Jupiter has no atmosphere. These deductions, if correct, are evidently j 
opposed to the hypothesis of infinite atmospheric subdivision. Dr. W()llaston, then, 
was strongly of opinion that our atmosphere is limited, andjic accounted for the 
limitation thus : — He imagined that at a certain height repulsive power subsisting 
between the gaseous particles of the atmosphere was exactly balanced by their gravitating 
power, and that the balance thus established determined thp range of atmospheric action. 

The student will not fail to remark that the hypothesis of Dr. Wollaston is only 
tenable on fho assumption of the ab^mic state of matter ; in favour of which it is indeed 
cited as a powerful argument. The atmosphere can onl^ be limited by the Causes just 
assigned, at least ooncomitantly with, and as the result of, an atomic constitution. ^f]fi 
therefore, the atomic constitution of oxygen, nitrogen, carbonic acid, and the adven- 
titious elements of the atmosphere be granted, the strongest probability arises that every 
description of matter is oimilariy circumstanced. It must be admitted, however, that 
although astronomical observations may be conclusive against the presence of an 
atmosphere around the sun and Jupiter, and must be, therefore, accepted as a proof 
that our own atmosphere is limited in extent, the reasonings of Dr. Wollaston in this 
matter are divested of one important clement. That philosopher takes cognizance 
alone of the limitation of gaseous bulk as the result of diminished pressure ; but 
diminished temperature plays, at least, an equally important part towards the same result. 
Between gases, commonly so understood, and vapours, there is no absolute difference 
whatever; the difference purely of degree. Now vapours arc condensable into 
liquids and solids by cold alone, and extreme cold is a powerful agent towards effecting 
the artificial condensation of gases. Given, therefore, a siifiicient amount of cold, there 
seems no reason why the atmospheric limit may not be determined by the operation of 
this cause. No'i^, in proportion as we asceh j above the earth’s surface, the degree of 
cold increases. This is demonstrated by the existence of snow on elevated mountains, 
and is readily accounted for. Gaseous matter is not heated by the sun’s direct rays, or 
by any radiant heat] whatever— it derives its temperature from direct contact with 
heated bodies; and hence the amount of that ^mperaturo will^always be proportionate 
with the heate^ mass with which it is in contact. Now, inasmuch as the mass of a 
moujitain is but trifling in comparison with the general mass of our globe, we have a 
^auso for the low* temperature of these elevated regions. Another eircumatancey 
however, contributes to the same effect. The specific, or non-evident, heat of a given 
volume of attenuated gas is greater than the^pecific heat of the same Amount compressed ; 
hencq the temperature of a definite volume of rarefied atmo^heric air is less for equal 
increments of heat than if the same weight of air were condensed into a smaller 
volume. So far as our observations have extended, the decrease of temperature is 
equal to about one degree of Fahrenheit’s scale for every 300 feet of elevation. 

• Probably the rate of decrease is still more considerable at higher elevations. 

Th» 8ttOiiietex.^ln the early part of the seventeenth century the pressure of 

I the atmoq^here was first noticed by Galileo; but the barometer, an instrument for 
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domonstrating the Tariation of this pressure, is referable to his pupil Torricelli. The 
barometer, in its simplest form, is made as follows .—Procure a piece of thick glass 
tubing,' having an internal diameter not less than a fourth of an inch— if more all the 
better — ^and about thirty-four or thirty-five inches long. Seal one end of the tube 
hermetically *by the blow-pipe fiamc, allowing tho other extremity to remain open. 
Next, holding tho opem extremity of the tube uppermost, fill it%ith mercury, place 
the thumb on the xn^refiry, and invert &c tubq, mouth downward, into a small basin 
or dish, also containi^fig mercury. These dispositions being made, it follows that the 
length of tho dDolumn of mercury capable of being supported in the tube wiU be 
proportionate ta the amf^unt of atmospheric pressure on the surface of the mercury 
contained in tKc basin.* The length of this column is subject to variation from day to 
day, but it wiU generally be comprised within a small range above or below thirty 
inches. Supposing t^e atmospheric pressure at tho time of tho experiment just 
detailed to be equivalent to thirty inches of mercury, and the tube to 
bo thirty-four inches long, then it fallows that the original mercurial 
column will sinl^ to the extent of four inches on inverting the tube ; 
leaving a seemingly empty space, to which the appellation of Torri- 
cellian vacuum has been, applied. It is not, however, a vacuum, but 
filled with the vapour of mercury. 

The instrument just described, and S- Wcctioii of which is given in 
Fig. 1, is the simplest, and perhaps most correct 
form that the barometer can assume. The dis- 
position of parts is, however, so inconvenient 
that a modification is generally infproduced. 

In common barometers the modification is 
usually of the kind depicted in Fig. 3. The open 
extremity of the tube is bent upwards, ' and 
blown into a little bulb, through one side of 
which there is an aperture, 0 , opening a communi- 
cation with the external atmosphere. Jt is more wual, however, 
in delicate barometers to dispense with this hl^b, as represented 
in Fig. 2. This constraction enables the 
•observer to read otf exactly tho number of 
barometric inches and parts of inches by a 
suitable scale appendix,^ counting from the 
level 7, at which the mercury stands in tho short leg of the tube. 

Though the real function of the barometer is to indicate the 
degree of atmospheric pressure at any time, it is applied to a useful 
collateral purpose — namely, to the purpose of indicating changes of 
weather. Practically it is found that certain conditions of atmo- 
spheric pressure co-exist witkrain, wind, and drought ; the barometer 
indicates these conditions, and thereby becomes a weather-glan. 
Occasionally the barometric weather-glass is supplied with a dial 
index, the motion to which is given in the following manner : — 
A small light pulley-wheel is attached in such manner to the instru- 
ment that by means of the weights to ¥f (Fig. 4), and a conneating string, 
s, the wheel shall turn by tho upward pressure of mercury against the to, and 

* About 16 lbs. to the square indi. 
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return by the slightly preponderating weight of w over vf, when tlio mercury sinks in 
the short leg of the syphon. This form of barometer, although convenient as a 
weather-glass for general reference, is by no means so correct as those with Vertical 
scales, and without the wheel appendage. 

Many circumstanqps.to which no referenoe has been made require attention in the 
manufacture of corrdbt barometers. It is of the utmost importance that the mcrcuiy 
employed be quite *pure, and that thg barometer tube neiJlfer Crontain moisture nor 
atmospheric air. Moreover, it is almost unnecessary to state tha1(-thc internal diameter 
of the barometer tube should bo of the same length throughout, he absence of 
moisture can be certified by drying the tube immediately before closing it ; but there 
is only one method of totally dispelling every tracer of atmospheric air — ^namely, by 
boiling the mercury after it has been poured into tjio tube. This operation involves 
much danger to the instrument, as may be readily inferred, and, consequently, adds 
much to its expense. Much needless inaceuracy is conferred upon ordinary barometers 
by forming them of tubes too Aiall. This is done from motives of economy ; to 
diminish the amount of quicksilver used infilling theip ; but the economy is misplaced. 
To be a correct* indicator of atmospheric pressure, the ^mercurial column shoulfi Be 
totally deprived (if possible) of all frictional interference. This is obviously impossible : 
between the glass and the mercury friction there must be ; but by employing tubes, of 
small diameter {he am*ount d"..friction is needlessly increased ; moreover, the surfnec 


of the mercury in them is so convex that its correct level is difficult to be ascertained. 
A moderately (jorrect barometer cannot be dispensed with by the chemist who conducts 
experimental researches on gaseous bodies. Ho cannot depend from day to day on 
the continuance of any given amount^, of atmospheric pressure, consequently tho gaseous 
mixtures upon which he operates will bo continuidly changing their volumo. The 
law of increase or decrease of volume, however, for any given rate of pressure is well 
known ; and the chemist can, therefore, reduce a given volume at one temperature to 
the hypothetical volume Kt another temperature With facility by the application of the 
rules previously explained in a former part of this treatise (x>ago 112). 

Combinatloaii of Oxygen Vltvoigen.— There arc five known combina- 
tions of oxygqn with nitrogen, constituting the fbllowing bodies 


1. Protoxide of nitrogen 

2. Binoxide^f nitrogen 
3^ Hvponitroiis acid 

4. Hitrous acid c* • • 

5. Nitric acid . . . 


mtoins. 

Parte by 

Symbol. 

N. 

0. 

N. 

O. 

1 

1 

14 

8 

NO 

1 

2 

14 

16 

NO'-i 

1 

3 

14 

24 

N03 

1 

4 

14 

32 

m* 

1 

5 

14 

56 

NOS' 


General — The list of cox^unds of oxygen witlu nitrogen presents the 

example of a complete scries so far as it extends, and for this reason it well illustratos 
the philosophy of the atomic theory. Except the last (nitric acid), none of the 
prece^n^oompounds occur in nature ; and even nitno acid, though it does naturally 
exist, is always found in combination xisually with potash or soda, the nitrates respcc- 
tivtiy of theim aUmlies. Nitrate of potash is commonly known by tho appellation 
of nitre, or saltpetre ; hence the terms nitric acid and nitrogen. AUL)ugh in the fare- 
going tabnlar view the oompounds of oxygen with nitrogen are necessarily arranged 



NITRIC ACID. 


aid 

in the numerical order, of their constituents, nevertheless, in describing them, this 
order should bo departed from ; nitric acid, ih$ last^ being the first discussed, because 
from ifltric acid all the others are prepared, directly oi' indirectly. 

Nitric Acid.— ^is acid m usually regarded as synonymous with aquu-fortM, 
a combination of the real or anhydron# nitric acid with water. Since, however, 
Dovillc has succeeded in isolatin^c the fcal or anhydrous nitii<s acid, the two should 

• not bo confounded. ^ . 

w * • 

I lieul *cr Anhydrc^ Nitric Acid. — ^This compound was isolated not long ago by 
j M. Deville, wly succeeded in obtaining it by passing a slow current of chlorine first 
i over chloride calcium and sulphuric acid, and subsequently over dry nitrate of 
silver, previously heated to 203’, F., and maintained during the operation at a tem- 
poraturo of ISG"* to F. Tlic Results of decomposition were caused to pass through 
a U-tube, cooled dowif to — 5 J ’ Chloride of silver resulted, oxygen gas escaped, and 
nitric acid, deprived of water, was obtained in crystals. At the same time, portions of 
a volatile liquid — most probably nitrous acid — oscapad. ^ 

Anhydrous nitric acid is stated by DeviUo to consist of brilliant colourless rhombic 
prisms, which fuse at 84° or 86 ’ V., and boil at 113° to 122'’ F., suffering decomposition 
at the latter tcmpeinturo. 'llie crystals manifest a remarkable tendcn(.*y to combine 
with water, hydrated nitriti acid being t£e result. 

Hydrated or Hydrous Nitric Acid — Aqua-fortis, — compound is prepared by t 

subjecting to distillation a miximre' 6t xo Slud SiMl-orce of potash (nitre), or 

nitrate of soda. The theory of the decomposition which ensues is cxeee^ngly simple, 
Nitric acid has less affinity (to use a common but not qiritcj correct expression, vide pp. 

64 et Hq,) for potash or soda than is possessed by sulphizric acid for the same ; for which 
reason double decomposition ensues — ^nitric acid united with water being evolved, and ! 
a combination of sulphuric acid with potash cur soda remaiimng. The eombination in 
question may ho a sulphate, or a bi-sulphate, or, lastly, ' a mdxtizre of the two, as we 
shall learn presently.* 

There are two eombinationa of sulphurie acid with potash — ^the neutral sulphate 
and the bi*«sulph8te. The first of thesd is foihydrous (devoid of water], and consists ef 
one equivalent of sulphuric acid, 40, united wi9i one equivalent, 48, of potash ; the 
bi-snlphate of potash, on the eontrary, is thg'result of unkm between eqniv^dcnts 
of snlphune aeid^ one of potash and dhe of water. Anticipating the prepazntion of oil 
of vitriol (sn^uric acid), it Will be necessary hero to mention that the strongest oil 
of vitriol of commerce is composed of one e^gnivalesiit of sulphuric acid and one of water ; 
consequeiktly, inasmueh as nitric acid rajddly decomposes if it do not find a certain 
minimum of water wherewith to combine, the quantity of osl of vitrio]» employed in 
the monnfaeture of acid requires to be itieely apportioiied, if the (merator wishes ^to 
prodnee the maximum quantity of aqua^fortis of the maziraxim stmgth. The best > 
pimctical quantities for affording this result are 100 nitrate of potash, and 08-8 oil of 
vHriol^psoportions tAiich. yield 126*71 parts* of M-snlpiiate of potash and 62*29 of 
monolgrdrate of nitrie acid, which is the strongest form that aqua-fortis can assume. 

Memohydrate of nitric acid, an its name indicates, is a eompound of one equxvaleiit 
(64) of nitric acid, and one equivalent (9) of water ; or, m other tenns, it con^rins abcttit , 
14 per cent, of water. Its density is about 1*622, and its boiling poiat is about 186*8*^ 

The monohydrate of intrio acid solidifies at about 68° f. It ii neatly eoleuskas when ; 
pure *, but cat nccouat of » tendency to deeoa^osttiDii^wt assumes a thil m&m nr less 
yellow foom the operation ef slight ettoses, such an the infiuence of heat or Bght^ | 
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especially the direct solar rays. Monohydratc of nitric acid manifests a strong tendency 
to unite \ldth water, with which it seems to combine in all proportions ; but great 
probability attacdies to the opinion that tho seemingly innumerable combinadons of 
nitric acid and water arc really mixtures of yarious definite hydnites of that acid. The 
existence of one hydrate wc haye already prayed. There is yet another, far more stable 
than the last, commonSiy known to chemists ; *and vaiious considerations point to the 
existence of others which haye not been isolated. Owing to thb tendency which mono- 
hydrate of nitiic acid displays to unite itself with w'atcr, and rcf ch a higher state of 
hydration, it seeks out aqueous yapour, floating inyisibly in the atmoi^hcre, and, by 
union with it, generates cloudy fumes: hence the appellation ^ifnming^iirio acid^'* by 
which it is often designated. • 

The second hydrate of nitric acid which has begn isolated is a compoimd of one 
equivalent real nitric acid and four of water : hence its fqmiula is*NO^ 4HO. It may 
be procured by adding a suitable quantity of water to the proportions of oil of vitriol 
and nitrate of potash, already ginen when describing the manufacture of the proto- 
hydrate ; butihe process most instructive to the chemical student consists in mixing a 
portion of the protohydrate* with an excess of water, and subjecting the mixtuA} to 
distillation. 

In performing the above operation the retort should be tubulated, and furnished 
with a thermometer, far the |gq;poso of indicating the changes which ensue. For some 
time after the application ^ -heatj water olmcst puTG Trill *comc over, the thoimometcr 
continuing to indicate 212® F. (the boiling point of water). Soon, however, the tem- 
perature will begin to rise, and it will continue rising until about 253® F., when, 
becoming stationary, it will continuc^so until the end of the operation. Concomitantly 
with this steadily-maintained temperature, a combination of nitric acid and water, 
having one definite strength, will pass over; it consists of four equivalents of water, 
united with one of real nitric acid. 

This hydrate possesses, a far more stable composition than the one already des- 
cribed. It may be distilled many times successively without incurring decompo- 
sition, or exposed to the direct solar rays for an i;pdefimte period with similar absence 
of effect. * 

CJiemieed Qualities and General Charaeiitristics of Nitric Add . — ^The most striking 
characteristic of nitric acid, and the one upon vPtiich its most impoatant applications 
depend, is the large amount of oxygen (5 equivalents) which it contains, and the 
facility with which that oxygen is imparted^to other bodies haying an affinity for it. 

Dependent upon this quality of nitric acid is a frequent application of it, in the 
course of one^ysis and chemical manufacture, as an oxidizing agent. Dependent also 
on the same quality, though somewhat more remotely, is the employment of nitrate of 
< potash (nitre) in^the gunpowder manufacture. Nitre contains not only the portion 
(^ve equivalents) of oxygen duo to the presence of nitric acid, but one equivalent in 
union with potassium to form potasl^ Nitrate of potash, lAerefore, contains six 
equivalents of oxygen in all. Hence it follows, therefore, that if nitrate of potash be 
intimately mixed with bodies having the property of burning in oxygen, we obtain a 
meehanioal compound which can burn, independently of the presence of atmospheric 
air. Of this kind is gunpowder. If the student will now turn to page 283, in whidi 
the process is given for preparing oxygen gas by distillation fium chlorate of potash, he 
will at once perceive that nitric acid, in its composition, presents a striking analogy 
to the chloric acid; and, moreover, that nitrate of potash is the exact counterpart of 
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chlorate of potash, merely substituting nitrogen for chlorine. Not only is there a | 
similarity of composition, but a similarity of properties also between the nitric and the 
chloric acids — ^thc nitrates and the chlorates respectively. As it is always desirable to 
let no opportunity escape of infpressing generalizations on the mind, the student will do 
well to remember that chloric, nitric, iodi^, and bromic acids, constitute a well-marked 
group ; and, moreover, that there also Exists an equally mar^lpd series of analogies 
between their combjpations. If an uqjknown^acid yields, 6n Combination with an 
alkali, or other base, .a salt capable of forming*touch-paper, tho salt in •question must 
be either a nitjatc, chlorate, iodatc, or brpmate ; and must contain cither the nitric, 
chloric, iodic, j>r bromic acid. Nitric acid may be individualized by the following 
characteristics*: — If uncombine^with a base, and moderately concentrated, it tinges 
the skin, and animal substances generally, deep yellow; hence it is sometimes employed 
as a dyeing agent. This indication of nitric acid is exceedingly valuable when the sub- 
stance has been administered criminally. Frequently the characteristic just indicated 
will be sufficient as a qualitative test of nitric acid. •Should there remain any doubt, 
however, the following plan may be adopted : — 

fake a test-tube, fit to it accurately a cork and bent delivery-tuba^ passing into a 

solution of proto-sulphate of iron (green vitriol). 
Ttie arrangement having been duly made, place a 
few shreds of oog|^ turnings an tho test-tube, 
pour upon it tha^%ipected acid, and apply heat. 

If the solution of proto-sulphate of iron turn 
black, the acid employed is tho nitric. The 
rationale of this operation will be made known 
under'the Ifead of binoxide of nitrogen. 

Quantitative Determination of ^ Nitric Aoid.^ 
Chemists are not aWare of any test endowed 
, with the property o^ combining with nitric 
acid, and forming an insoluble precipitate; 
the quantity of this acid present in aqueous solution — provided no oilier matter 
he there — be readily ascertained *thus : — ^Wefgh a given quantity — say 200 grains 
— of the acid solution into a glass-fiask, dih^ with water, and add a lAiown quantity 
of oxide of lea^; it should bo 8ufficient\ot only to combine with thS whole of 
the acid present, but to leave a portion in excess. The flask, now containing nitric 
acid, oxide of lead, and water, is to be exposed to heat, which will drive 'off all the 
water, and leave a mixture of nitrate of Had with oxide of load behind. If the flask 
be now weighed again, a certain loss will be appreciable — that loss propeyiionate with 
the amount of water originally combined with the nitric acid. This operation's 
founded on the circumstance that nitrate of lead is an anhydrous sall^in other words, 
a salt, into tho constitution of which water does not enter. 

Compoeition of Ni^e Acid demonatrated^—^he composition of nitric acid may be 
proved both analytically and synthetically. The synthetical method consists in 
exposing a mixture of oxygen and nitrogen gases in contact with water ; or, still better, 
an alkaline base to the agency of electric sparks. If a mixture of oxygen and nitrogen 
gases, in known proportions, be employed, tho condensation ensuing will be found to 
correspond with one equivalent (14 parts by weight) of nitrogen, and five equivalents 
(40 parts by weight) of oxygen. The condensation is due to the formation of nitric 
acid ; and on its union lyith water, or a base of the latter, it will be found capable of 
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making touch-paper ; hence, considering the limitation of the experiment, it must be a 
nitrate, and its acid, consequently, the nitric acid. 

Although it is necessary to <aix the two gases, in the proportion of the composition 
of nitric add, if the operator desire to obtain the maximum amount of that acid from 
the minimum amount of gaseous mixture, -^-nevertheless, portions of nitric acid arc 
generated, whatever ^he relation subsisting between the two gases may be. Thus, 
for example, atmospheric air answers perfe^ly well ; the combination of nitrogen 
with oxygen ensues, and nitric acid is formed. Hence wc arc at no loss to account 
for the production of nitric acid in nature, and for the frequent presence of nitrate of 
ammonia in rain-water. 

The annexed cut represents a convenient apparatus for effecting the combination 

between oxygen and nitrogen gases. A glass 
tube, open at^'both ends, Is bent into an obtuse 
angle. The angular part contains the mixture 
of oxygen and nitrogen, in contact with water, 
or a basic solution, and each end terminates 
ill a vessel of^ mercury. The manipulf tivc 
process has been in such manner conducted that 
^ a quantity of mercury is allowed to remain in 
Ike tube, leaving a space bc|i]veen its two srrrfaccs, across which electric sparks from 
a moderately-powerful machine can dart with case. Inspection of the diagram 
will make evident, that on establishing electric communication with the two vessels, 
a current of sparks will rush through the intervening space containing the mixed 



gases. 

Analytically, the composition of nitric acid may be determined by decomposing 
nitrate of lead in a tube heated to redness, transmitting the evolved vapour through 
copper turnings, also boated to redness, and collecting the final gaseous results. The 
latter will be nitrogen acid, in such proportion that every equivalent, or 14 parts by 
weight, of it must have been in eombmution with five equivalents, or forty pai*ts by 
weight, of oxygen. 

Determination of the T^resence of Kllrie Acid in combination icith bases , — Inasmuch os 
all nitrates ar« decomposable by the united influence of sulphuric acid and heat, the 
process alleady given for distinguishing tlifi presence of uneombined nitric acid requires 
to be modified thus : — Mix the suspected nitric acid compound with a few shreds of 
copper turnings in the distillatory tube; add sulphuric acid, apply heat, and pass 
the result of distillation through a soluticfti of protosulphate of iron. If the latter 
become blackened, nitric acid in combination will have been present. 

Tim of hydrated Nitric Acid {Aquafortis ), — ^Not only is this liquid extensively 
employed in the lAboratory of research, and in medicine, but it is also of vexy extensive 
use in the arts. The commercial acid is generally not quite pure. It is apt to contain 
iron, sulphuric and hydrochloric acids ; it is, moreover, general^ coloured reddish, by 
the presence of hyponitrous and nitrous^acidB^ the results of decomposition of a portion 
of nitric acid. The latter kind of impurity is usudlyof no consequence, even in 
conducting operations of analytical delicacy ; but the presence of all other impurities 
should be carefully guarded against The presence of iron may be demonstrated, if it 
exist, by diluting the acid with water, and adding a solution of ferrocyanide of 
potassium (prusmate of potash). Sulphuric acid is indicated by a white precipitate 
occurring on the addition of a barj’ta salt solution ; and hydrochloric acid by a solution 
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of nitrate of silver, with, which it throws down a wMte precipitate. From iron and 
sulphuric acid aquafortis may be purified by slow distillation, condensing the result in 
a succession of receivers, as represented in the annexed cut. The iron will be wholly 

left behind in ihe retort, bo in 

^ all probability will the sulphuric 

acid also but should any of the 
latter com^ over, it will deposit 
^ ^ receiver, pure nitric 

acid^ collecting in the^second and third. Inasmuch as hydrochloric 
acid is exceedingly volatile, any which may have been present will 
come over during the distillatory operation if a special measure of 
precaution be not taken. The best plan consists in adding a solution 
of nitrate of sillier to the impure acid, and subsequently distiUing. 
The theory of this removal will he explained under the departments of hydrochloric 
acid and silver. 

PROTOXIDE OP NITROGEN. 



Equivalent or atomic weight 
Atomic or combining volume 



Specific gravity ^ .^1*5240 

Jlistorieal Notice and Synonymes. — Protoxide of ni#ogcn was discovered by Dr. 
Priestley, who denominated it dephhgisticaUd nitrous air. By the associated Butch 
chemists it was termed gaseous oxide of azote. The a]^ellation nitrous oxide was given 
by Davy, and that of laughing gas popularly, on account of the exhilarating effects 
produced by its inspiration. Protoxide of nitrogdn, however, is its most appropriate 
designation. 

Preparation, — Nitric acid, by acting upon metals, is invariably decomposed ; but 
the decomposition is not always tho/amc. In certain cases every equivalent of nitric 
acid loses four equivalents of oxygen, when, as a necessary consequence, protoxide of 
nitrogen results ; in others, the absoqition of oxygen is not proportionally so groat, 
three equivalents only being removed from eveiy equivalent of nitric acid, when, as 
the necessary consequence, the gas next to *bo described is evolved. Frequently the 
two gases are sigmltaneously generated. zinc bo the metal employed, %nd if the 
nitric acid be diluted, protoxide and bmoxide of nitrogen are Bimultaneously evolved ; 
but if the mixed gas he allowed to stand for some time in contact with zinc or iron 
filings moistened with water, the binoxide nitrogen which may be present yields up 
its oxygen, and becomes reduced to the condition of protoxide. 

The foregoing method of preparation, although it he instructive as iliustrating the 
composition of the compound under notice, is not the most convAoient method of 
preparing it. This is best accomplished by the distillation of a crystallinjs salt termed 
nitrate of ammonia, the distillatory apparatus ifiiould be a glass retort and bell-glass, 
or a gasometer, and the heat applied should no? exceed 500” Fah. 

Thus treated, the decomposition of nitrate of ammonia is complete : it entirely 
disappears, water and protoxide of nitrogen (the latter a gas) being tbe solo results. 
The theory of this decomposition will be readily understood by reference to the following 
diagram, from which it appears that one equivalent of nitrate of ammonia consists of 
one equivalent of nitric acid, one of ammonia, and one of water ; and that it yields, by 
decomposition, two of protoxide of nitrogen and four of water. 
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1 Nitrate of J 
ammonia i 


1 Nitric acid 

(IN 

1 ^mmonia j 3 
^ 1 ^atcr 



2 Protoxide of nitrogen. 


1 4'*AVater. 


Or, adopting the notation of chemical symbols, iho decomposition stands thus : — 


NH3HO.no* =:.2N0 + 4H0. 

The protoxide of nitrogen, at ordinaSiy temperaii^TCS and pressures, is a 
colourless gas, considerably heavier than atmospheric aii, sweetish to the taste, capable 
of supporting respiration for a short period, and giving rise to a kind of intoxication. 
It is rapidly absorbed by water, ‘^hich has been previously boiled, to the extent of nine* 
tenths of the bulk of the water employed. Water wh'ch has thus been saturated with 
the gas evolves it again unchanged when heated. Protoxide of nitrogen strongly 
resembles oxygen in its relation of supporting combustion. A candle bums in it with 
a brilliant white flame and crackling noise. Before its extinction the interior flame 
becomes enveloped wifii an exterior blue one, by which characteristic it may be distin- 
guished from oxygen. Sulphur, if introduced into this gas when feebly burning, is 
extinguished ; but if in the state of full combustion, it bums with great vigour. 
Phosphorus, if ignited and immersed, burns with almost the same brilliancy as in oxygen 
— ^nevertheless, phosphorus may be heuted, and even sublimed in the gas, withoutreom- 
bustion. Red-hot charcoal bums with far greater brilliancy in protoxide of nitrogen 
than in atmospheric air, but not with such briUiancy as in oxygen. The results of this 
combustion arc half a volume of carbonic acid (containing half a volume of oxygen), 
and one volume of nitrogen, from each volume of the protoxide decomposed. A mixture 
of protoxide of nitrogen and hydrogen gases detonate by the electric spark, or may be 
combined by the agency of spongy plq^inum. Tim result of combustion varies according 
to the quantity of gases mixed. When the volume of hydrogen slightly predominates, 
nitrogen the sole gaseous product of decomposition ; if in lesser proportionate 
quantity, some nitric acid is also generated. Under a pressure of 30’atmospheres, this 
gas liquifles at 32° F., and at the very low temperature of — 148^ F. it freezes. 

Leteiiiiixnatum ofProUxUt ofNitrogen,~--lSfiQ only gas with which it can be confounded 
is oxygen, with which it presents many common points of similarity. Chemical 
analysis u the only certain method of distinguishing the two. 

Analysis of P^ioxide of Nitrogm.^The simplest means of effecting this analysis is 
by the employment of potassium, as follows : — Having' measured off, over mercury, a 
Imown volume of protoxide of nitrogen, transfer it to a small retort tube ; then pass 
up through the mercury a globule of Votassium, attached to a& iron wire, and apply 
heat externally. Decomposition of the gas ensues. The phosphorus uniting with 
oxygen forms potash, and pure nitrogen remains. The tube having cooled, the gas 
must be transferred back to the graduated vessel in which it was measured. Its 
volume will not have been altered by the decomposition, notwithstanding the removal 
of oxygen f]x>m it. We arrive at the conclusion, therefore, that the gas contains its 
own volume of nitrogen, 
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Hence if we deduct from the weight of one volume of protoxide of nitrogen, or, in 
other words, the specii&c gravity of the gas, = 1*5246, the weight of one volume of 
nitro^jen or its specific gravity, = 0*972, there remuns 0*5526, which is nearly half 
the specific gravity ^of oxygen gas. Hence one volume of protoxide of nitrogen 
contains — 

1 volume of nitrogen./! 0^72 

^ volume (one atom) of oxygen . . . 0*4^28 ' 

1*5248 * 

which is practically identical with 1*5246, the specific gravity previously given. 

The analyse of protoxide of nitrogen may be also readily effected by the eudiomc* 
trie method — ^namely, mixture With hydrogen and subsequent combination, cither by 
means of the electric -^park or by -^ongy platinum. Let us assume that the proportions 
of gases employed in the eudiometric determination are as follows : — 

100 measures of protopdde 
150 „ hydrogen 

. So^ 

After passing the electric spark let us assume that the 250 measures have become 
reduced to 150, showing the disappearance of 100. It now remains to bo seen how 
much hydrogen exists in the 150 measures of gas. r?lLC determination is effected as 
follows : — Introduce 50 measures of oxygen, — ^making 200 altogether, — and again pass 
the electric spark. There will now remain only 125 measures of gas; 75 measures 
having disappeared — oxygen and hydrogen — in the proportions necessary to form 
water — namely, 50 of hydrogen and 25 of oxyge*!. Consequently in the 150 measures 
of gas which remained after the first detonation, there were 50 measures of 
hydrogen, and, consequently, 100 of nitrogen. Now, seeing that we at first hod 150 
measures of hydrogen, and that 50 have been accounted for, 100 measures must have 
been exhausted in combining with the protoxide of nitri/gen, which, thci*eforc, ai*c 
pioved to contain, ^ 

100 measures of nitrogen, 

50 „ oxygen. 

JPhifsiologieal effects of the Goa. — ^^"'3ry soon after the discovery of this gas its property 
of exhilaration when breathed was remarked. The term laughing gas^ however, popu- 
larly given to it, is so far incorrect, that laughter is by no means a universal result of 
its inhalation. The effect produced is a transient intoxication, during which various 
phases of character manifest themselves — the tendency to fight being atjeast as usual 
as the tendency to laugh. 

MINOXTDE OP NltnOOEX. 

Equivalent or atomic weight . 

Atoillic volume . . •*. 

Specific gravity 

Historical Notice and Synongnus, — ^This combination of nitrogon and oxygen was 
discovered by Hales, but first carefully studied by Prit stlcy. In addition to the tenu 
binoxidc of nitrogen, by which I have denominated it, the combination is also known 
as deutoxide of nitrogen, nitrous gas, and nitric oxide. 
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PRBFAEATION OF BINOXIDE OF NITROGEN. 
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Or the iome decom;goaitiinL u indiealed by Bymbolieal ii»teiioa mb £o31op» 

^ 6reC/ + K0.N05 + 4HC/ = lSrO2 + 3 -rX€f + 4HO. 

The pzochlorlde Qjf iron employed in the decomposition is thus prepared : — ^Take 
two Yolume^ of hydrochloric acid. He^ oae with iron filings until no more of the 
i latter will dissolve ; ugs thus obtain a rrolulion of protochloridT^ of iron ; finally, add 
I to the mixture thus ohtaiincd the sccqpd volume of acid. Thessolution is now ready 
I for incorporation nitrate of potadi. • 

i Propertie8.^^moji3ie of nitrogen, wiikheverfsioaeBB be adopted, » liberatad in the 
' state of a colourless ‘g^a, devoid of both acid ant riHlinr guaSfileB, aai «f oedmaiy 
! combustible properties. It ma^g be collected eMar ^ver JBereaf y ar arsrter, notwiih- 
i standing that one-twentieth is dissolved by pure recently boiled intter. 

I When allowed to come in 'contact with atmospheric air or oxygen, ruby-red 
1 vapours of hyponitrous and nitrous acid result, which are rapidly absorbed by water, 
i This property of binoxide of nitrogen induced Priegtley to employ it ae an agmit for 
j eudiometiic purposes. It is, however, an incorrect method, because hyponitraus and 
I nUvoQs acidi^occasbnally alsb nitric acid— being generated in variable p^odions, 

; the amount of oondensatioh is scarcely ever the same for any two conseontive 
! experiments. This may be illustrated By the following scheme : — 

Binoxide of nitrogen, as will be ^own hereafter, is a compound .of one volume of 
; nitrogen with one of oxygen, no contraction ensuing ; ^erefore it admits of being thiA 
! indicated 

; Binoxide of Kitrogen, 


By combination with different amounts of oxygen, binoxide of nitrogen is converted 
into hyponitrous and nitrous acid, and nitric acid, respectively. The exact amounts 
* of oxygen required for this purpose are as follows : — 




= Hyponitrous Acid. 


= Nitrous Acid. 


= Nitric Acid. 


Priestley was the first who suggested employment of binoxide of nitrogen as an 
. cudiometric agent. He was unaware of the indetermiaate nature of the resulting 
. combinations, and assumed that every volume of ihe binoxide was rendered capaBle 
i of absorption by water by the addition of one-fourth its own vohune ^ bxygen exactly ; 
V in other words, he assumed &at hyponitrous acid was the eede result of oombinalaon. 
I If this eonffition couLl be universally depended upon, the total amount of oxygen oon- 
! tamed in any gas might be determined by adding binoxide cf nitrogen until ruby-red 
vapours ceased to a^ear, waiting until absorption had been gpifeoted, and dividing Ihe 
amount of gas lost by absorption by four. 

It remains now to state that, amongst the conditions which inteifere wi^tbexate 
of absorption, the following are well reeogxnzed Amount of agitatkm to whic^ the 
two gases are subjected— rapidity of mixture — opposite conditions Of mixture, snth. as 
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wHether the binozide be added to the air, or other oxygenous gas, or the latter to the 
binozide— relatiye proportions of the two gases— heat of the mixture. 

The abstraotioxL ox oxy- 
gen ^ gas by means of 
binozide of nitrogen can 
be easily conducted as 
foEowfi : — On the shelf of 
a pneumatic trough invert 
a jar containing atmo- 
spheric air. Let the exact 
space filled with the atmo- 
spheric air be indicated by 
a file^scratch, and let it be 
regarded as constituting one volume. Let there be provided a second jar or bottle, the 
contents of which, when closed wiLh a glass valve, are equal to the volume marked off 
in the first| Fill the second with binozide of nitrogen^ and add it to the atmospheric 
air confined in the first, when red vapouns will appear, and, becoming absorbed, the 
resulting gaseous contents will not fill two^ volumes, "by some variable quantity 
dependent on the relative amounts of hyponitrous and nitrous acid formed. 

.iln ignited match or taper plunged into binozide of nitrogen is extinguished ; so is 
miming charcoal, except Its combustion at the instant of immersion be intense, under 
which condition it bums with increased splendour. Ignited sulphur is at once 
extinguished when plunged into a vessel containing this gas, and phosphorus may be 
sublimed in an atmosphere of binozide of nitrogen without burning. If, however, 
phosphorus already well ignited be immersed, the combustion is very intense. These 
experiments strikingly illustrate the power of chemical decomposition in modifying 
the bharacter of bodies. Hinoxide of nitrogen contains twice as much oxygen as 
protoxide, and yet it docs, not support combustior with equal facility. Binozide of 
nitrogen is absorbed with great facility by a solution of protosulphate of iron, forming 
a liquid the exact composition of which has not been determined. It rapidly combines 
with oxygen gas, as we have seen. Nitric acid also dissolves a considerable quantity 
of the gas, and then becomes a coloured liq^iid, sold in commerce under the appellation 
of nitrous acid ; it is very different, however, imlli the true chemical nitrous acid pre- 
sently In be discussed. The changes effected on nitric acid by the absorption of 
binozide of nitrogen have been well studied. They are as follow : — A portion of the 
binozide, by its tendency to combine with oxygen, receives from nitric acid a portion 
of this element ; thus giving rise to two portions of nitrous acid — one from the nitric 
acid deprived of a part of its oxygen, the other from the binozide employed converted 
to -a higher state ^f oxygenation. The mutual reaction of nitrip acid and binozide. of 
nitrogen only takes place when the nitric acid employed is concentrated a.bove a ceitSin 
grade, and the colour of the result varies according to the strergth of the nitric acid. 
Monohydrate of nitric acid gives rise to a liquid which is brown. A slight amount of 
dilution produces a yell^ tint ; and when the nitric acid employed obtains a specific 
gravity of 1*85, the resuK of passing binozide of nitrogen through it is green. When 
the specific gravity of the nitric acid is still further lowered by dilution, binozide of 
nitrogen no longer gives rise to an alteration of tint. 

Analysis of Bimxide of Nitrogen,--{\), By heating it with potassium in a curved tube 
retort, as was done in effecting the analysis of protoxide of nitrogen (page 820), by 
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which operation the igniting gas is found to occupy half the space of the original 
binoxide ; hence one volume of binoxide contains half a volume of nitrogen. « 

Subtracting from thp specific gravity of the binoxide . 1*039 

Half the sj^ecific gravity of nitrogen 0*486 

Th^o remains . . . . . 0*653 

which is very neM half jthe specific gmvity o{ oxygen gas. 

One volume of binoxide of nitrogen therefore contains 

Specific gravity. 

i vqjume ofjuitrogen 0*486 

i vfilume of oxygen , 0*662 


without condensation ; from 'which circumstance wc infer that the combining or atomic 
volume of the binoxide is | 

^ (2h By admiJtture with hydrogen, and subsequent explosion in a pudiometer. 

Equal volumes of binoxide of nitrogen and hydrogen being mixed and exploded, 
the result is water and nitrogen, as rejlrcscnted by the annexed diagram. 

Binoxide \ ^T] Water V. 


Nitrogen ^ 
Hydrogen H j H 


I when inflamed produce r 


Hence the composition of the binoxide of nitrogen is 
Atoms. Atomic weight. 

I „ I (T I or, Oxygen 2 = 16 

^ rirl Nitrogen 1 ~ 14 

30 Atomic weight of Binoxide. 

We have already deduced the specific gravity of the binoxide f?rm of calcula- 
tion. We may check that result by adopting inother form, the principles of wtuch 
have been described at page 171. 

specific gravity ^Atomic weight Specific gravity 
of hydrogen. of binoxide. of binoxide. 

= 10396 

Ji 


HTPONITEOnS ACID. 

Equivalent or atomic weight . . . j8. 

History and Synonymes.^Thc existence of this compound was inferred by Gay 
Lussac, who conclu^d from his experiments* that a compound of nitrogen and oxygen 
exists intermediate between binoxide of nitrogen and nitrous acid. He mixed binoxide. 
of nitrogen and oxygen together, in tubes standing over mercury, and containing some 
concentrated solution of potash, and found that under these oiroumstancesfour volumes 
of binoxide of nitrogen were condensed by one of oxygen. Now four volumes of the 
binoxide contain two volumes (equal to two atoms) of nitrogen, and two volumes (equal 
to four atoms) of oxygen. Add to these one volume or two atoms of oxygen, and we 
• ** Annalet de Ghim. et Phyc.,”.!., SW. 
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have a coxixpound of six atoms oxygen, and two nitrogen; or, halving the numbers, 
three atomsi oxygen and one of nitirogen. This is the composition of liyponitrous acid, 
termed by Grsdiam, in England, and the greater numbei; of chemists abroad, azo\ous, 
or nitrous aeid. 

JPr^afvtion, — The most convenient mctliodi^of generating hyponitrous atid consists 
in passing through a U^ tube — cooled by some refrigorating mixture, such as ice and 
snow — a current of mixed gas, composed of bi&oxido of nitreg^ rnd oxygen, in the 
theoretical proportions for generating hyponitrous acid— namel}!^, four volumes of 
binoxide of nitrogen and one volume of oxygen. Hyponitrous acid coj^denses in the 
U-tube, ifnder the form of a blue liquor. A portion of nitrous*acid is rilso produced 
during this operation ; and if the theoretical amount of oxygen gas be increased, the 
quantity of nitric acid generated is still more considerable. 

Properties. — Hyponitrous acid, on account of the extreme facility with which it 
decomposes, has been only imperfectly studied free and unmixed with other nitro> 
genous coirpounds. Owing to thid' facility of decomposition, its atomic or combining 
volumes, and, consequently, its specific gravity, are unjaiown. Although difficult to 
procure in a stale of isolati^on, hyponitrates (combinations of hyponitrous acid witli 
bases) are obtained with moderate facility. Hyponitrate of potash is one of the nfist 
easily prepared. We have already seen that nitric and chloric acid, also nitrates and 
chlorates, are respectively similar; ; we have also seen that chlorate of potash, subjected 
to a sufficient amount of heat, is decomposed, chloride of potassium being the fixed or 
\ solid result, ajid oxygen being evolved. Nitrate of potash also yields oxygen when 
' similarly treated ; biit the scheme of decomposition is different, owing to the want of 
! affinity between nitrogen and potassiipn. If nitrate of potash be cautiously heated. y,| 
a retort of green, or hard German white glass, pure oxygen is evolved • be, 

however, increased, then, towards the latter period of operation, a mixture of 
nitrogen with oxygen is the result. During the when'oxygen alone is evolved, 

the decomposed nitrate of potwh becom.c; iiyponilrite of potash ; and if the distillation 
be cautiously regulated. itOppmg it before tho evolution of nitrogen, the solid matter 
in fhe retort consists ch'ie^ of hypon£trite of potash. Now, inasmuch as 
^ hyponitrite 8f pOtttsh Is soluble in alcoho], and nitrate of potash is insoluble in that 
menstruum^ we have a ready means of sepafhiing ^e Uro. Or we may precipitate the 
< hyponitrous acid by nitrsite Of silver, wiOl the oude of which metal it forms a white 
I insoluble compound. 

I NITROUS ACID, 

Equivalent or atomic weight .... 46 

Atomic or combining size . . . . | | | 

Speeific gravity 1093 

— Hypoazotic or hyponitrh acid. ^ 

It has already been remarked that when binoxide of nitrogen is 
transmitted through concentrated nitric acid, absorption of the gas takes placS, accom- 
panied with decomposition ^ of a portion of* the nitric acid, the remaining portion 
acquiring a red colour. Nitric acid thus affiseted is the nitrous acid of commerce. In 
addition to the artificial process of manufacturing it, as jpst described, it is frequently 
the Of the ordinary of numufaoturing aquafortis, e^ecially towards the 

end of that operation. If aquafortis of this kind he cautiously distilled, and the 
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products of distillation passed through a U-tube, maintained cold by meanfl of ice, a 
considerable amount of nitrous acid will be condensed ; but a still better method of 
preparing it consists in the distillation, in * 

a small German glass retort, of the salt 
nitrate of had, previously well dried, ^e 
retort should bo connected, as just described, 
with a I7*tube re^icift;, maintained cool by 
means of a freezing mixture. 

Propertied'— Kn orange-coloured liquid, 
having a density of 1*42. It boils at 
37.40 Fah,^ and solidifies at the# temperature 
of — 7 T Farf. Its vapour is intensely red, 
and has a density or specific gravity of 1*72. 

Although the specific term nitrous acid is 

applied to this compound, yet it can scarcely btf considered an acid i^, the strict 
logic of chemistry, seeing that it does not combine with bases. If potash, or soda, or 
bdbic substances generally,^ be brought into contact with it, instead of directly com- 
bining it decomposes, and yields a qiixturc of hypmitrite, and nitrate of the base. 
Hence some chemists regard it as a combination of nitric with hyponitrous acids ; or as 
isomeric* with monohydratc of nitric acid, the one atom of •waterrin which has been 
replaced by an atom of hyponitric acid. In poinf of fact, nitrous acid is readily 
decomposed by contact with warm water, hydrated nitric acid and hyponitrous acid 
being the results. Nitrous acid is so far from being really an acid that it acts the part 
of a weak base to many acid bodies. For instance, it may be caused, by a peculiar 
treatment, to combine with sulphuric acid. 

Gomblsiatiosui of Hydrogen with Nltrogen.-rIt is probable that hydrogen 
and nitrogen unite in four different ratios, giving rise to four distinct bodies, as 
follows :— !• • 

Imidogen .... NH I Ammonia , . . . NII3 

Amidogen . . NH 2 1 Anuqpnium . NH 4 

The existence of all, except aimmhia, howevef, is hypothetical, neither of them being 
capable of isolation. Ammonia will first^filaim our attention. 


AMMONIA. 


Equivalent or atomic weight . 
Atomic sire . . . f 


17 


4)-6902 


Specific gravity 

History and iSjirnoMymas.— -The knowledge of ammonia as a sej^ate agent befongs^. 
to a period of modem chemistry ; but certain of its emnbinations, especially the hydro- 
chlorate (sal-ammcyiac), were known at a period of very high antiquity. Ammoinia 
was formerly denominated the volatile allali^a name which is stiH oceasioaally 
employed. 

Preparation.— "By applying heat to a mixture of one part piJverizcd sal-amnumiac , 
and two parts quicklime : both by weight. The operation may bo conducted is a * 
glass retort, .or fiAsk, and the resulting ammonia (a gas), if required absduteiy teee 
from atinoepheric .air, must bo collected over mercury. 

• jMf^hariiigaBeqmlaiiiiil^ofpnto. I 




328 


;PBOCE88 OF DISPMOEMBNT. 


The decompositioxi is a» follows : — 

HydrocUorateof(-^“““"f * • ' 
Ammonia 1 Hydrochloric acid 


Hydrogen 

Chlorine 


Lime . 


Calcium 




c 

. escapes 

Water 

^Chloride of Calcium 


Or in chemical symb&ic notation thus 

NH, HCl + CaO = XH, + CaCl -h HO. 

If the admixture of a slight portion of atmospheric air be o^ no consequence, the 
process of displacement^ as it is termed, may be had ^recourse to. The operation of 
displacement is one of the most common ; not, however, as applied to two gases. The 
act of pouring fluid into a cup or bottle is one of displacement, atmospheric air being 
displaced by the water or other liquid. In certain cases this operation admits of being 
advantageously applied to the cqllection of gases, as, for example, in the present 
instance. ^Ammonia, in consequence of its rapid absorption by water, does not admit 
of collection ovqr that liquid, and the use of mercui^ is inconvenient where large 
volumes of gas are concerned. Taking advantage, thcrcfole, of the fact that the specific , 
gravity of ammonia is something more than hklf the specific gravity of atmospheric 
air, we may, by cfiireful mahlpifl^tlon, displace the latter by the former, without giving 
rise to any considerable amountV)f admixture. It is evident, however, that the usual 
condition of transference must be reversed, the receiving jar being placed mouth 
downward, as*indicated in the annexed out. j 

The process of displacement only succeeds when the gas is of such nature | 

as to aflbrd physical indica- i 
tions of its overflow. This is j 
eminently the case with ammonia, 
^which not only has a powerful 
odour, but which gives rise to dense 
white fumes of sal-ammoniac, when 
* a glass rod, previously dipped in 
hydrochloric acid, is brought into 
t contact with it Soj. 80 on, therefore, 
as the overflow of ammonia is indi- 
cated by this test, the delivery tube 
is to be withdrawn, and the mouth 
of the bottle occluded with an accu- 

^ rately-fitting greased glass valve. 

Pre^ftet—Amsaonia, as we have just recognized, is an invisible gas, having a well 
known pungent odour. Its density is 0*597 (by actual weighing). Ammonia is a powerful 
alkali ; and being the first alkali that we have occasion to notice, tjus will be the fitting 
opportunity for describing the properties of an alkali generally. The most generic pro- 
perty of an alkali— the property common to all>-is that of restoring litmus-paper red- 
dened by an acid to its original blue, and of changing to brown a slip of yellow turmeric 
paper. If a slip of either of these papers acquire its original colour by the application 
of heat, the alkali which effected the change must have been volatile, an^ for all 
practical purposes, it may be considered ammonia; nevertheless, ammonia is not, as 
once imagined, the oidy volatile alkali : oonia, the active principle of hemlock, is 
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another; and others, ^ough verj rare, are known to the orgpanic chemist. With 
respect to the reddened litmus-paper, its preparation is a matter of some delicacy. The* 
slip slfbuld not be reddened by immersion in an acid, lh)wcTor weak the latter may be. 
It should be hold for^ few infants oyer a portion of some yolatile acid, hydrochloric 
acid being probably better adapted to tj^is end than any other. Ammonia, like all 
other alkalies, is a powerful a ternf which we haye scarcety had occasion to use 
hitherto, and which requires, therefore, a few words of comment. If we could 
annihilate the cheitfi|8l mscoyerics and doctrines of the last fiyc-and-^thirty or forty 
years, and rcyij^ the theoretic yiews of Layoisicr in all their pride, their simplicity, 
and their fallacy, we mjght discuss the word base in a yery summary manner, simply 
defining it as mat which hy unio'f^ with an acid forma a salt. This statement by no 
means satisfies the requisitions of podern chemical knowledge ; yet, despite its partial 
inaccuracy, it is one which eyeii the educated chemist ‘clings with pertinacity, and 
it is one, therefore, which the young chemist may proyisionolly adopt, until starting 
from the contemplation of hydrochloric and the othea hydracids, he finds th(^ummai‘y 
definitions of Layoisierian celebrity to be inapplicable. For the present, the learner 
caniftot do better than to assunfb that a base in chemical language is that which by 
union with an acid forms a felt. Thus, sulphuric acid, combined with ammonia as 
base, forms sulphurs of ammonia, 8ulphurof<s acid sulpht^^ ^f ammonia, hydrochlonV 
acid hydrochlora^s of ammonia, and so forth. 

Ammonia is absorbed by water completely, and witA extreme rapidity ; hence the 
impossibility of collecting it oyer a water pneumatic trough. This property also will 
enable the operator to determine whether his process of collection by displacement has 
been successfully performed. If the rcceiying bottle, when immersed mouth-downwards 
in water and agitated, speedily fill with water, thd original gas was not mixed with 
atmospheric air ; if, on the contrary, a certain yolume remains, this is a sign that the 
collected gas was not pure. 

A jet of ammonia is not capable pf burning in atmosphe^j^c air ; but 'when injected 
into oxygen gas, and ignited, it bums with a pale yellow flame. 

Analysis of Ammonia , — By transmitting ammonia through a porcelain tube heated 
to redness, partial decomposition enshes ; and by repeating the operation a sufiicient 
number of times, complete decomposition vAy be effected. The prosftice of a few 
clippings of plat^um or copper in tho tube materially facilitates the chAge. The 
metals themselyes are not affected, and merely promote the decomposition of ammonia 
by 'iv'hat is termed catalysis.* The complete decomposition of ammonia is effected by 
transmitting it oyer quicklime in a tube heldbed below redness. If the degree' of heat 
bo more considerable, complete decomposition does not ensue. Ammonia it^also decom- 
posed by transmitting through it a series of electric sparks. If the operation bp 
conducted in a graduated tube, the gas will be seen to continue expftiding a little for 
each successive electric spark, until it at last occupies double the space of the oiiginal 
ammonia. The gas th^^ produced will, on exanunation, be found a mixture of hydrogen 
and nitrogen, in the ratio of three hydrogen to one nitrogen by volume. I^ow, a 
volutne of hydrogen and of nitrogen correspond with an atom of each, whence the 
deduction is arrived at that ammonia must be a compound of three atoms or equivalents 
of hydrogen and one of nitrogen. Lastly, the atomic volume of ammonia may be 
deduced from the following consideration : — ^The opei-ation of transmitting electric 
sparks doubled the Y<dume of gaseous matter ; hence, calling the final tewlt foui' 

• 8ee page 383. 
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volumes, the ammonia originally present must have occupied <iwo, and the atomic or 

combining volume of ammonia ^will he thus indicated— j 

Ammonia at 50° Fall, liqmfies under a pressure of six and a l^alf atmospheres ; and 
at the very low temp^raturo of — 1 13® Fah. ^e liquid solidifies. 

Aqueous 8oh$tiork of Ammonia: Hartshorn, — Under the designations, liquid 
ammonia, liquor anAnoniso, and hartshorn, a highly pungeqt^ fluid is sold. It is not 
liquid ammoxda, however, but a solution of ammoniacal gas in wi.mr. This compound 
may be prepared either by transmitting gaseous ammonia through a stTies of Woulfes 
bottles eontidning water, or by distilling a mixture of sal-ammoniac lime and water, 
instead of the two former dry. Water can dissolve nearly half its weight, or 670 times 
its volume, of ammoniacal gas. 

Formation of Ammonia. — ^Although a compound of hydrogen wd nitrogen in known 
proportions, ammonia cannot bo formed by the direct admixture of these elements. If, j 
however^, a series of electric sparks be transmitted through a gaseous mixture of j 
hydrogen and nitrogen, small quantities of ammonia are formed ; if an alkaline base be 
present the formation of ammonia by this treatment proceeds the more rapidly. *This 
method of procuring ammonia, though totally^ unimportant as a means of producing the 
gas artificially, possessesugreat interest for the light it throws upon the source of 
ammonia naturiilly clldsting in the atmosphere, and which is so necessary to the 
existence of many growing vegetables. 

In addi^on to the generation of ammonia by electric sparks transmitted through 
hydrogen and nitrogen, there are several cases in which small quantities of ammonia 
result from the mutual reaction of hydrogen and nitrogen whUat yet in the nascent 
state. By the expression nascent is meant to be indicated the moment at which any 
j particular element or substance is generated or developed. Take, for instance, the case 
of water : if we bring the acting terminals of a voltaic combination into a vessel con- 
taining it, the water is deromposed into the two elements, oxygen and hydrogen. Whilst 
combined and forming water, the oxygen and hydrogen were in the condition of liquidity : 
when separated, they both exist in the condition of gas ; and there clearly must be an 
instant of time at which the liquid oxygen and hydrogen cease to be liquid and assume 
the gaseou iixm : this is said to be the nascent period. 

Cbean^ are aware of many instances of combination between <^ifierent bodies at 
this nascent period, which cannot otherwise be made to imite, or which unite with less 
fkeility. Hydrogen and nitrogen are in this category. When mixed together in their 
gaseoim State, their union is accomplished' with dijficulty by the passage of successive 
eieetrio spaeks ; but if brou^t into contact when both are nascent, the fonnation of 
ammonia takes place spontaneously. Thus, for instance, a considerable amount of 
ammonia is gerilrated by acting upon metallic sine with nitric add, moderately diluted. 
The explanation is as follows No metul can be dissolved in an add until the metal is 
oxidised ; hence, when sine is added to aquafortis, with the object of dissolving the • 
sbkc, the latter must acquire oxygen from some source before the acid can dissolve it. 
The source will depend upon the condition of dilution of the aquafortis : if very dilute, 
the sine supplies itself with oxygen from the diluting water— hydrogen, of course, 
being liberated. The operation, in point of fact, is the precise counterpart of the 
production of hydrogen by tiiie action of dilate sulphuric acid on sine, and wMdb has > 
been ex]^ained at page 26d. If the aquafortis be concentrated, the sine is eqtodly 
oxidised and dissolved ; but the oxygen in this case results from a portion of nitric acid 
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decomposed, binoxide o( nitrogen being liberated. It is possible, however, to employ 
aquafortis diluted to such extent that a portion of its nitric acid and a portion of its 
water %hall be simultaneously decomposed. Under tBese circumstances, binoxide of 
nitrogen and hydrogen, exercising mutual action whilst yet in a nascent state, generate ' 
ammonia ; which, combining with a portim of nitric acid yet un^composed, gives rise 
to nitrate of ammonia. • • 

We are apt to regard Jhese productifns of spall quantities of Ammonia as devoid of 
any practical mtc^At, so far as the development of ammonia in largb quantities is 
concerned ; butihy far more correct is it to remember that the production of ammonia 
by the combination of ivtscent elements is tho grandest of all sources — ^the only one, ! 
indeed, which has any practical value — the only one which the manufacturing chemist ' 
adopts in procuring his store of angnonia. 

This statement ma^ well sqem contradictory. A few pages back I have described | 
a process for obtaining ammonia which seems to have no affinity with the combinatioD. , 
of nascent elements. It is an ordinary case of double decomposition, refiuliang in the 
formation of chloride of calcium, and the expulsion of amniojiift; hydrochlorate of 
ammonia and quicklime being the original substarioeg, mixed together. But the 
question is, how was the hydfochlorate ^of Ammonia originally obtained ? We shall 
find it to have been obtained fro^t a source involving the formation of ammonia, by 
the combination of na^At elements. The two chief sources of hmmofiia in commerce, 
if not inde^J Only ones, arc from the destructive distillation of animal matters, and 
ifOffi the destructive distillation of coal. ^ 

If a strip of feather, parchment, bone, flesh, silk, of almost any animal substance, 
except fat, be placed in a test tube, and heat applied, ammonia will be generated as 
one of the results. As the smell of these animal products under the influence of heat is 
exceedingly disagreeable, perhaps the specific odour of ammonia may not be recog- 
nizable ; but its existence may be readily demonstrated by means of appropriate tests. 

A strip of turmeric, or reddened litmus-paper, will he affiscteduwith the peculiar signs of 
alkaline presence, and the discoloration, instead of being permanent, will be readily 
dissipated by heat ; consequently the rikali must he volatile, and may be considered 
as ammonia. Again, a rod of glass, previously moistened with hydrochloric acid, will 
afford dense white fumes of hydrochlorate ammonia, if hold near th^ mouth of the 
test tube in Whidi the destructive dfttiMation is effected. Before the pr^alence of 
gas illumination, all the mnrnonia Which found its way into commerce was produced 
from the condensed liquor of animal matters subjected to destructive distillation. The 
liquor in question was technically known as bone tpirit It contains aamtonia chiefly 
in the state of carbonate, mixed with numerotts impurhiee. From these it was 
separated by appropriate treatment, which belongs rather to the department of applied 
chemistry, thin to the scope of the present treatiso. i 

A Consideration of the process of maldng ammonia by the distillation of animal 
products, throws som# light upon the origin ^f the word hanrUhom* If hartshorn 
shavings be subjected to destructive distillation, they will evidently yield ammonia. 

In this re^Ct &ey are neither better nor worse than thousands of other animal bodies ; 
but the horii of deer acquired a celebrity as an ommoniaeal source at a very early 
period of chethical history— wherefore, it is not easy to say. By far the most con- 
sideiable sOttfco 6t a^onia at present is a Bquor which condenses in gas mains, and 
which, in' adffitioa to ammonia, containt a multiplicity of oticer substaneas. The 
imme^ate f(^ our cmmidcration Is this the whole of the ammonii ffmnd in 
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these products has been generated by the contact of hydrogen with nitrogen during the 
process of dcstructlYe distillation. 

Eemembering the composition of ammonia, the result of union between b^ Jiugcn 
and nitrogen, it will be evident that this material is only susceptible of being yielded 
by nitrogenous substances. Hence it is that animal bodies, owing to their richness in 
nitrogen, yield far m^re ammonia than vegclablo substances— rat one time, indeed, it 
was customary to sp;:ak of vegetable bodies as^eing totally defeient of nitrogen. This, 
1 need scarcely remark, was a fallacy ;‘but the implicit beliefs of. a past age arc seldom 
devoid of some foundation, and may continue to be accepted as broad marks of 
distinction between species long after the belief in the universality of the distiiiction 
has passed away. As a general rule, animal bodies contain ititrogen; and vegetable 
bodies do not ; yet enormous quantities of nitrogc^ are locked up in the vegetable 
kingdom. Pit cool, indeed,' is a vegetable production ; and from pit coal do wc now 
obtain the largest quantity of our ammonia. In the vegetable kingdom certain natural 
families m remarkable for the large quantities of ammonia which they contain. Tliu 
natural faniilies Cruet f era, Fungaeea, and Solanaeea, may be cited as instances ; and 
every person :s aware of the disagreeable quasi-auimalized odour yielded b 3 b the 
decomposition of these. The disagreeable smell of watei in which cabbages have been 
boiled is proverbial ; and cabbages belong to the natural order Cmcifera, or Brassicaeea. 
Again, mushrooms {Fvngaeea) so nearly approach the characteristics of animal bodies, 
that when undergoing decompdsition, even flies ore deceived, and select them as foci 
for the deposition of eggs. Any tobacco smoker may readily convince himself of the 
prescnc^of ammonia in the smoke of his favourite herb, lie has only to hold a strip 
of test-paper in the smoke, and the demonstration is more than half made. He may 
complete the demonstration by substituting for test-paper a gloss rod dipped in hydro- 
chloric acid ; or still more aiflrmatively by passing tobacco smoke, by means of a 
glass tube, into a dilute acid, when the peculiar ammoniacal combination of that acid 
will bo formed in considerable quantities. 

Connected with the spontaneous formation of ammonia, there is a remarkable circum- 
stance which has already been indicated, — ^the presence of nitrate of ammonia in rain- 
water. The sources, both of this anmmnia and its associated nitric acid, may be rcfciTcd 
to electric anu atmospheric agencies ; though doubtless these constitute but a fraction of 
the causes in operation. Notwithstanding the diametrically opposed chemioal natui'cs 
of ammonia and nitric acid, there is reason to believe that in certain natural operations 
the latter may be instrumental in generating the former. There is a beautiful experi- 
ment which illustrates so remarkably this point, that I shall describe it. The experi- 
ment is as ^llows : — First take a few shreds of asbestos, saturate them with solution of 
qliloiide of platinum, dry them, and ignite to redness. By this operation the chloride 
of platinum will be decomposed, leaving a film of metallic platinum in the minute 
interstices of the asbestos. The function of this platinized asbestos is similar to that 
of spongy platinum and platinum black, already mentioned (p. Next prepare an 

apparatus of the following description 

A gas jar is supplied with a stopcock, and a flexible tube in connection, by its other 
extremity, with a glass tube, blown into a bulb towards the middle, and teminatiug in 
a jot at its furthest extremity. Into the jar is transmitted a gaseous mixture of two 
volumes blnoxide of nitrogen, and five volumes hydrogen : into the bulb is placed Uie 
platinized asbestos just described. As the pneumatic trough contains water, it follows 
that by depressing jar, a flow of mixed gas will be detenuined along the and over 
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the platinized asboBtos.* If this be done without the application of any heat to the bulb 
containing the platinized asbestos, the terminal jet will be seen to liberate copious 
ruddy ^umes of hyponitrous, i^trous, 
and perhaps nitric aeid. They are 
evident enough by mere inspection; 
but for the sake of more complete 
demonstration, they may Jie caused to 
impinge against i jlicce of litmus- 
paper, which tley will immediately 
colour red, and^us demonstrate their 
aeid character.* But if whilst theMsur- 
rent of gas ispassing a spirit-lamp 
bo held under the bultf, decomposition 
of the binoxide will ensue, its nitro- 
gen uniting with hydrogen to consti- 
tute ammonia, the presence of which 
u'il>be evidenced by reconverting the reddened litmus-paper to its origfhal blue colour. 
There is great probability that some effect, analogous if not identical with this, takes 
jdace in certain operations of nature. 

But the mutual affinities between hydrogen with oxjjgen, and nitrogen with oxygen, 
arc so nicely balanced that the existence of ammonia, or of nitric acid, will be deter- 
mined by very slight causes. I have shown how a mixture of binoxid(^ of nitrogen 
with hydrogen can generate ammonia ; the converse experiment may now be Hscribcd, 
which is as follows If a mixture of sal-ammonit^ and quicklime be placed in a retort, 
the retort coiinected with an iron tube containing peroxide of manganese, and heated 
to redness by passing through a furnace, we shall, on applying heat to the intort, and 
thereby forcing ammonia through the peroxide, generate fumes of hyponitrous, nitrous, 
and nitric acid. The theory of this»result is referable to tho«volution of oxygen by the 
binoxide of manganese, and the combination of that oxygen with the nitrogen of the 
ammonia. • 

Quantitative Estimation of Ammonia , — ^This maybe roughly effected causing it to 
unite with a base, crystallizing the resulting^salt, weighing, and calculatmg amount 
of ammonia from datum of the kilbwn composition of llie salt. For more correct, 
however, is the method of throwing it down in the state of chloroplatinate of ammonia, 
by adding a solution of chloride of platinum to a solution of ammonia in hydrochloric 
acid. The chloroplatinate of ammonia thus*generated is a yellow salt, not very soluble 
in water, but almost completely insoluble in a mixture of ether and alcohol. If, there- 
fore, a liquid, or a gas containing ammonia, be brought into contact with hydrochloric 
aeid. combination immediately ensues, hydrochloratc of ammonia ^eing the result; 
and if tlic liquor containing it be evaporated almost to dryness, and a mixture of alcohol 
and ether added to thu residue, the chloroplat^ate of ammonia is rendered insoluble, 
and being collected on a tared filter, its weight may be estimated. Knowing this 
weight, the chemist, by a simple calculation, is informed concerning the amount of 
ammonia originally present ; and not the ammonia merely, but the nitrogen consti- 
tuting ammonia. Thus it will be seen the chloroplatinate of ammonia is, in point of 
fact, a quantitative test of the presence of nitrogen ; it is, indeed, generally employed 
for this purpose in cases of organic analysis, as will appear in the sequel wW organic 
analysis shall be discussed. It remains now to state that every 1 00 parts of the chloro- 
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pistillate ooixaapoad iritk 7*692 of ajaaifloia, and 6*234 of aitro^eiL The aoiplojrmezit 
of this, as well aa anyotfaer re-agent for tlie purposes of chemical analysis, iarolves many 
precautions ; these I haye not Here mentioned, because chemical analysis is ia>t the 
object of the present work. The student will do well & reflect m tiie i^parently tor- 
tuous and indirect met]^od of estimating the quantities of ammonia or of Imogen present 
by means of the formation of the platinum coVnpound. He m^ perhaps think that it 
would be far more rational to collect tiie^ammoi]|ja or the nitrogen xespectlyaly, and haye 
them well belSee the senses. Notso : in the earlier days of organi^. Ihemistry, chemists 
were in the hahit of coHecting the nitrogen and estimating it in this condition ; but the 
operation was so difficult, was attended by so many disadyaqlages, that so soon as 
Warrentrap and Will discovered the indhreet process of estimation jast described, it 
was hailed by chemists mi a great boon, and on all^ practicable occasions adopted. I 
shall conclude tiiese mwlks by amending a representa^on of tlse apparatus in which 

the absorption of ammonia by hydro- 
chloric add is usually adopted, anterior 
to its precipitation by riilmcide of plati- 
num. ' A glance at the oonstructiim of 
the instrument will demonstrate its appli- 
* cahility to this purpose. Consisting of 
three bulbed expansions as it does, the 
gas, during its transmission, is certain 
to be brought well into contact with 
the hydrochloric acid, the chief object 
held in yiew; and when the absorp- 
tion is complete, the fluid may be readily 
transferred to any conyenient yessel in which to effect the precipitation. 

awA Awwin-wiwm . — We are acquainted with neither 
of these bodies in a sfparatc state — their existence is altogether hypothetical; 
there are good reasons, howeyer, for assuming the existence of the two latter, 
at least. 

potassium or sodiuh be heatedT in ammoniacal gas, a solid compound i 
is formed j tius con^und, howeyer, is ndjt one of ammonia and potassium, or sodium, | 
for during the eombmation one-third of the hpdsogmi existing in ^^mmonia escapes. < 
It must, therefore, be composed of £ or H (the symbols for potassium and sodium), 
united with NHo ; and to this hypothetical body NH,, the designatum of amidogen : 
has been applied. The preceding is only ohe of seyeral cases inydlying the production 
of nmidogeiH nnd the foEnmtion of eompounds termed amides. 

» f Ammonium , — ^Altiiough this body has neyer been isolated, the aiguments in fayour 
of its ezistenioe dl*e yery strong. Ammonium is a compound of hydrogen and nitrogen, 
ai we haye seen ; but its name should he indicatiye of a metallic character, if the 
analogies of oxdinaxy nomenolature are ^ be respected; and, indped, ammonium acts so , 
like a metal that, notwithstanding its compound (haractor, we can hardly .refuse to j 
considmr it as such. The most direct eyidence in fayour of the existence of ammonium • 
is that of the ammonium amalgam, as it is called. The easiest method of forming the i, 
QMimnmiiia* Mwalgam jfl the foUowmg AILoy mercury, with one per cent, of sodium ; ’ 
pour the alloy into a oeiLd saturated solution of sal-ammoniac, —hydrochlorate of 
as we haye already called it, but which riiall now he denominated by its 
more modem name, chkiide of ammonium. The alloy thus treated pcodi^giously ^ 
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expands, sometimes as mncli as two hundeed tunes its original siae, atiU ret ai nin g its 
solidity, and acqniring^be consistence of butter. Meantime its metallic lustre is not 
in thcjicast impaired, and it augments in weight. If ere grant that the xnerourj has 
combined with a metal, and* formed an amalgam, the explanation is easy; but 
granting thi^ we mull assume the cxisteimo of a metal composed of NII4, a aomewbat 
startling assumption, seeing that ever since the days of alchem^ metals have been set 
down as simple undecomposahle bodies. 

Whether the ^]|^oUidtical compound amdionium— metal or no metal— can exist 
except in combination, is unknown. Hitherto chemists have failed to acoompliah its 
isolation. Its uieoretical existence, however, is fully admitted ; and chemists speak 


of chloride of /mmonium with the same confidence as 
potassium or sodium. 

when speaking of chloride 

SULPHUB. 


Atomic weight 

. 10 

Atomic volume ^th at . . . •. 

. 900®« 

Atomic volume ^ or O at . 

. 1800® 

Specific gravity of solid .... 

.• 1-98 

Do. of vapour (at 9CfO“) .... 

. . . 6684 

Do. (at 1800®) . . . • . 

. . 2214 


• • 

General Notice , — ^The natural history of the element under consideration differs 
from the natural history of those already mentioned in one important particular. It 
is found in nature uncombined, or native ; large depositions of sulphur, tdmj^st pure, 
occurring in Sicily and other volcanic regions. A far larger proportion, however, 
occurs in combination with metals, — constituting^ sulphurots, as these compounds are 
denominated, or perhaps more generally, in ‘^e language of modem chemistry, 
sulphides. And now, having introduced the reader to a new denomu^tion of chemical 
nomenclature, we must pause for tho object of explaining it, seeing that our pre- 
liminary consideration of chemical hames was but slight, sSid that the explanation of 
each now name was promised to he made as the necessity for learning it should occur. 
The terms sulphuret and sulphide, then, are sync^ymous : they indicate a direct com- 
bination of sulphur with a second body ; thus, a combination of sulphur and lead 
forms the sulphuret or sulphide of lead : of ffon, the sulphuret or sulphide Of iron, and 
so forth. Frequently it is desirable tfiat the name should indicate the exact relation ' 
subsisting between the sulphur and second body, in any given sulphuret ; this is done 
by enlisting into our service the prefixes^ proto, sesqui, bi, per, &c., giving rise to 

terms protosulphuret, sesquisulphuret, axfd bisulphuret. If the term sulph^ occur, 
the student should be careful in discriminating between it and the term sulphtif^. 
former indicates a binary compound of sulphur with a second body; ichereas the latter 
designates the salt resulting from the combination of sulphurous acid with a base. 

To resume our sketch of the natural history of sulphur, not only does it exist 
native, and as a conitituent of numerous mfnerals, hut it enters into tho compo- 
sition of many vegetables, and perhaps all animal tissues and animal fluids. The 
onion or lily tribe is remarkable fur the amount of sulphur which its members contain ; 
so is the natural order Brassioacem, Most persons will have remarked how speedily 
a silver spoon blackens if immersed in tho mustard-pot : this blackness la indica- 
tive of the presence of sulphur. With still greater rapidity does a silver spoon 
blacken if plunged into a boiled egg, proving the existence of sulphur there. Silver i 
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and its compounds, indeed, are good tests of the presence of siilphur ; but lead and its 
combinations are still better. A solution of oxide of lead in caustic potash and water 
(liquor potassso of pharmacistiS) is the most delicate test we possess for the indication 
of sulphur in organic bodies. If a bit of feather, or wool, or silk* or indeed almost any 
animal body, howcvci; old and worn, be brought into contact with some of this potash- 
lead solution in a small test-tube, and heat applied, a dense blackness almost imme- 
diately occurring at ^nce indicates the presence of sulphur, a 

The condition of sulphur as regards aggregation differs frot iHiither of the non- 
metallic elements already discussed. Under ordinary circumstances of temperature 
and pressure it is a solid, but it readily fuses into a liquid ; and if the heat be still 
further increased, the liquid expands into a vapour or gas>-for in the strict logic of 
chemical science there is no specific difference between a vapour and a gas. In addition 
to the three physical conditions as above, this elemept is suDjcct to a remarkable 
allotropic condition, to be described hereafter. 

Sulpb^^r frequently occurs in the condition of an amorphous mass, but it may be 
readily Crystallized ; and, according to the- treatment followed, the resulting crystals 
may belong to one of two different crystalline systems. The prevalent form of sul^^hur, 
made to crystallize by fusion and slow cooling, is an oblique prism, with rhombic base 
--a form characterizing the oblique prismatic syatem ; but if sulphur be dissolved in 
liquid sulphuret of caibon, and the solution cautiously evaporated, regular octohedral 
crystals arc produced with rhombic bases, these being characteristic of the right square 
prismatic system. 

AUotropie condition of Sulphur , — ^When describing oxygen at page 286, 1 mentioned 
the circumstance of its assuming a mcond condition, to which the term ozone had been 
applied. Sulphur is similarly circumstanced: *it is prone to assume a second or 
allotropic condition. If common yellow sulphur be heated in a Florence flask it 
speedily melts, becoming converted into a transparent straw-coloured liquid. Still 
increasing the heat, a curious phenomenon is observable : the transparent, liquid, almost 
colourless fluid, thickens to the consistency of treacle, the dark colour of which it also 
.assumes ; it then solidifies so completely that the flask may be inverted without spilling 
its contents. Still increasing the temperature, the darkened sulphur fuses once more ; 
but the fuse^ result does not lose its dark colour. The physical distinction between 
ordinary yellow sulphur and the same element 'In its second or allotropic state is best 
recognized by pouring some in each condition of fusion into cold water. The colourless 
fluid yields ordinary yellow sulphur, but the coloured treacly mass chills into a material 
possessing very much the aspect of india-rubber : it is allotropic sulphur. The tenacious 
mass thus resulting is an excellent material for taking impressions from coins or other 
raised siufaces, and had long been used for that purpose before the doctrine of oUotropism 
hnd been studictf. This doctrine is altogether recent ; and the phenomena which it 
investigates arc recognizable in various substances, both simple and compound. As to 
tho rationale of these second conditions of existence, nothings satisfactoxy is known ; 
and in certain cases theory even is unable to assume a plausible explanation. Had the 
chemist merely to deal with allotropic conditions of compound bodies, thcoiy would 
come to his aid : he might assume the existence of a fresh arrangement of particles ; 
but in cases where only one kind of particles is involved, as in the instances of sulphur 
and of phosphorus, there is clearly no scope for assumptions of this kind. Not only is 
the physical appearance of allotropic sulphur different from those of the ordinary 
material, but its chemieal relations are in some degree also different. For example : 
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its fusing point is diffenent, as we have seen ; and it ceases to be soluble in bisulplmret 
of carbon, whereas ordinary sulphur is very soluble in that liquid. 

Fiued sulphur is vapourize^ at temperatures of abdut 550** or 600^ Fah., and may 
then be readily distill jd. This treatment is adopted in order to obtain the material pure^ 
on the large scale. The native sulphur oS Sicily, and other volcqnic regions, is largely 
contaminated with non-volatile earthy bodies, and a large amountK>f voUtile impuritiei. 
The first rough process S^pimfication censists ii^ exposing the sulpHUreous materials to a 
temperature aboT^ the fusing point of sulphur. The latter mdts and boUeets on the 
surface of the i&ss, whilst the earthy bodies sink below. The fused sulphur, brought 
to this condition, is poured off and allowed to consolidate. It is still far from pure, and 
is known in commerce under the*name of sulphur vivutn. The next stage in the purify- 
ing operation is a rough dis- 
tillatory process, conducted by 
means of earthenware pots ar- 
ranged in pairs— -one serving 
as retort or distillatory ves- ^ 
se],1;he other as receiver. The 
retort pot is completely enve- 
loped by an oven, with the ex- 
ception of the neck or beak, 
which passes through, and 
communicates with the receiving-pot outside. In this vessel a consideraljle amount of 
sulphur is condensed ; but a still larger portion is conveyed into a vessel fuU of cold 
water. The accompanying diagram illustrates th^ arrangement. 

Sulphur thus resulting is still very impure, containing from 10 to 15 per cent, of 
impurities. To effect separation of the latter, a second,, and more perfect, distillatory 
process is required. The apparatus employed for this purpose is a large retort of brick- 
work, the beak of which is very capacious, and terminates i% a vaulted brick chamber. 
By moans of this apparatus, the purified sulphur may be obtained in masses or in 
powder, at the operator’s wOl. Powdered sulphur is known in commerce as flowers of 
sulphur ; and the solid mass, after having been fused and cast into cylindrical moulds, 
constitutes the stick sulphur or brimstone. tS’lowers of sulphur is not iSually so pure 
a material as solid stick brimstone, tlfc former being usually contaminated with sul- 
phurous acid, which can only be separated by washing. Sulphur is an important clement 
of several manufacturing processes, amon^ which those of gunpowder and oil of 
vitriol merit especi^ notice. 

Combinations of Sulphur with Oxygen^k list of these compounds has already been 


given at page 285, but it will be proper to repeat it in this place. 

1 . Hyposulphurous acid . . . . . S, 0 , 

2. Trisulphuretted hyposulphurio acid {^miaihionic neid ) . S 5 0^ 

3. Bisulphuxstted hyposulphuric aoid^(refrathionic acid) . S 4 0, 

4. Sulphuretted hyposulphuric acid (Trithionic acid) S, O 5 

5. Sulphurous acid . . . . S Og 

6 . Hyposulphuric acid {Dithionic acid) . Sg Of 

7. Sulphuric acid . . . . • S 0, 


It is not desirable to treat of these combinations in the tabular order of their oocur- 
tence. Sul]^urous acid is the starting point of all the combinatioins of sulphiu: with 
oxygen. To sulphurous acid, therefore, our first remarks shall be directed. 
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BULPHUaOTJS ACID. 

Atomic weight h . • • • • 32. i 

Atomic or combming volume . . . . « j j . 

iSpeoidlc gravity . * . • 2247. 

QtnwtA r€fniarAv.\^It is not easy to say to yhom the first rhemical appreciation of 
snlphuroiui amd is referable ; the antiquity of its manufacture, hqwyer, must be almost 
coeval with the first knowledge of sulphur, inasmuch as this body\|When burned in 
atmospheric air generates sulphurous acid. ^ 

iV^sra/tbis. — (1). By the combustion of sulphuj; in atmospheric >air.— The most 
ready means of generating sulphurous acid has jus^bcen indicated — ^namely, the com- 
bustion of sulphur in atmosjthefio air, with the oxygbn of which* it combines. Clearly, 
however^ sulphurous acid cannot be obtained pure by this process ; the nitrogen and 
carbonic Hbtsd of the atmosphere ijlust occur in admixture with it. Practically, how- 
ever, ihb prOsenoe of nitrogen and carbonic acid are of no importance in several 
operatioiiii invclvifig tbO CtliplOyment of sulphurous 'acid. A very importmit case of 
this kind 11^ he iimnd(med in the Seq ^ 

(2) . By^ ihei combustion of sulphur in oxygen gas. — This operation yields sulphurous 
anid in tho condition of purity. It is never adopted, however, in practice, being a far 
less convenient method than others presently to be described. 

(3) . By h aatin g oil of vitriol, hydrated sulphuric acid, in contact with some deoxi- 
dising body r— Charcoal answers very well for this purpose, provided the simultaneous 
presence of carbonic acid, which is also generated, he of no consequence. The opera- 
tion may he conduoted in a Florenc6 flask, to which a perforated cork and bent tube 
have been attached. The source of heat mOy ho a spirit-lamp flame, and the resulting 
gas should be washed by transmission through a bottle containing a little water. The 
charcoal employed shoul^neitber be in mass nor finely pulverulent. If the former, 
the action is sluggish ; if the latter, it is too violent. The charcoal should be broken 
by hammering, and all the powder, as well as large pieces, rejected. Tho amount of 
oil of vitriol should he a little more than the quantity required for completely wetting 
the charcoal. S The decomposition which ensues is illustrated by the following diagram : 

‘ ,4 Oxyg^ i 2 Sulphurous |!pid 

2 Sulphuric acid 4 2 Oxygens, 

( 2 Sulphur 

1 Charcoal (carbon) 1 Carbonic acid 

FVom which*’it appears that two equivalents of sulphuric acid re-act on one of charcoal, 
]^eldiug two eqq,Walent8 of sulphurous acid, and one equivalent of carbonic acid. 

If circumstances require that the sulphurous acid be liberated unmixed with all 
other bodies, we must substitute onO of seversl me^ capable of decomposing sul- i 
phuric acid. Copper may he efliployed^'f^ this pufp66#,1but merCuiy is still better. 

The annSated diagram illustrates the nature of the decOflipositiCii. 

/ 4 Oxygen 2 Sulphuric acid 

2 Stdpliiiric acid 4 2 Oxygens^v/''^ 

( Sulphur . 

1 itoway , X Pw8iide<rfin«w»T ) PwdplMHaf 

2Bah)hn»»«ilM8i f ffltreof, 
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(4). By heating in S retort or flask a mixture of six parts peroxide (binoxide or 
black axide) of manganese, with one port of powdered sulphur.— The resulting sul- 
phurous acid requires to be washed by transmission through a bottle containing a little 
water, in order to separate a portion of volatilized sulphur which passes over. 

The student will readily anticipate the nature of this decomposition. Already (page 
282) we have seen that*]^eroxide of manganese yields oxygen wh^ heated ; it is accor- 
dant with our pre^|cptibns, therefore, that stflphur, greedy as it is of c^gen, i^ould 
absorb a portioi;^ whQst yet in a nascent state, and become converted into sulphurous 
acid ; such, indeed, is the decomposition which really takes place. 

General Sulphurous acid usually assumes the condition of a gas. In 

this state we have already assumed it to be procured ; but it is readily condensed into 
a fluid, and by the operation of Extreme cold and pressure it may be solidified. It 
maybe condensed into a fluid by the operation of cold alone ; a temperature of li** Fah. 
sufficing for this purpose. Under a pressure of two^tmospheres sulphurous add may 
be liquified at a temperature of 5*!^ Fah. Liquid sulphurous acid is a coloimless, very 
mobile fluid, having a spccific^gravity of 1*42. It evaporates with, great rapidity, 
producing extreme cold, as lew as 43°, or 46°, according to the temperature of the 
surrounding air. Sulphurous acid gas ill colourless, pungent, neither combustible nor 
a supporter of combustion in the common acceptation of these ^terms^-it is soluble in 
water, to which it imparts its peculiar taste and smell-dt combines with bases, forming 
the class of salts termed sulpht^M, which effervesce when acted upon by a stronger 
acid, sulphurous acid being liberated. It combines with several colouting matters, 
with which it forms colourless compounds ; it is, therefore, a bleaching agent, and is 
applied, with this object in view, in many branches of manufacture— for example, 
ladies’ straw bonnets are whitened by enveloping them in an atmosphere of sulphurous 
acid, and sponges arc bleached by keeping them some time immersed in an aqueous 
solution of this acid. A very elegant experiment illustrative of the bleaching effect of 
sulphurous acid, consists in moistening a red rose, and holding an ignited brimstone 
match underneath the red petals— they are almost .immediately turned white by this 
treatment. But the whiteness is not "permanent • the original colour will reappear on 
dipping the rose into a solution of almost my stronger acid ; for thisapurpose dilute 
sulphuric acid answers very well. 

If sulphurous acid be brought into contact with acetate of lead in solution, a 
copious deposition of white sulphite of oxide of lead (commonly termed sulphite of 
lead) takes place, until all the lead is separated, and acetic acid, holding sulphurous 
acid in solution, remains. From a solution of this kind, however, all tl^ sulphuroi^s 
acid may be dispelled by allowing it to stand exposed to the air in a shallow pan for 
some days. Sulphurous acid, in point of fact, is perhaps the most (wmplcte separator 
of lead from the acetate of that metal with which chemists are acquainted, as I pointed 
out some years since— ^ar more complete than sulphuric acid ; and if not moie complete 
than hydrosulphuric acid, having unquestionably a peculiar sphere of applicability. For 
examine, sulphurous acid may be employed to throw down lead out of a sugar solution 
without injuring the sugar, although sulphuno and hydrosulphuric acid would destroy 
it completely. Taking advantage of this fact, I devised a scheme of sugar ^aMupnloc- 
ture in the year 1847, which has since been extensively applied. 

If an aqueous solution of sulphurous acid be kept for a considerable period, and 
more especii^ if retained in a warm situation, small quantities of suljihurio add will 
be generated. This is an important fact— it is referable to the tendency possessed by 
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sulphurous acid to oombino with oxygen. This tendency, in point of fact, is the 
strongest characteristic associated with sulphurous acid in the chemical miqd, and 
determines some of its most interesting effects. A treatise on chemistry is necessarily 
filled with numerous matters possessing various degrees of relatfv’e importance. Some 
are the very keys of the science, by the apffiication of which its stores of knowledge 
are unlocked ; others'jure of less importance, and need not occuj^y the mind of a ^neral 
student. The successful study of chemistry ^ill greatly depend on a just discrimina- 
tion between facts of major and of minor importance. The stuaeni ^ould be taught 
to seize the broad characteristics— the physiognomy (if the expression be allowable) of 
the objects brought under his notice. Of this kind is the faUt that -^jidphurous acid 
possesses a strong tendency to unite with oxygen, \ind is frequently employed as a 
deoxidizing agent by the chemist. ^ 

Although sulphurous acid by prolonged contact with water can generate sulphuric 
acid, the operation is far too slow to admit of any large practical application ; but if 
wc proceed in the line of experiment, which the solution of sulphurous acid in 
water suggests to us, we shall soon arrive at the commercial process of manufact^ng 
oil of vitriol. “ If sulphurous acid be able to remove oxygen from water, theory 
suggests that it should be able to remove it still more easily from bodies still more rich 
in oxygen. Nitric acid, or, more properly speaking, aquafortis (hydrate of nitric acid) 
is of this kind. Nitric acid qontains, as we have already seen, five atoms of oxygen 
(page 314) ; and here it may be desirable to mention, that nitric acid, in relation to 
bxygen, is the very reverse of sulphurous acid, the latter being a powerful deoxidizing 
a^nt, the former ever ready to give up a portion of its oxygen. 

If, therefore, a current of sulphv.rous ^acid bo transmitted through hot nitric acid, 
^f)bomposition of the latter ensues ; fumes of hyponitrous and nitrous acid are evolved, 
thus proving that the nitric acid is suffering decomposition. If hyponitrous and nitrous 
acid fumes are evolved, it follows that a portion of oxygen must have been removed ; 
and, after the remarks jlst made concerning thb avidity for oxygen manifested by 
sulphurous acid, it will readily be inferred that the missing oxygen must have been 
laid h(dd by sulphurous acid, and'isujphuric acid^generated. So strong is the tendency 
of nitric aci^, to give off oxygen wheq, brought into contact with a body having a 
strong sfilnity for that element, that pure^sulphur can be converted into sulphuric acid 
by prolsnged boiling in nitric acid. Chemic& analysts, indeed, Employ this very 
propess for the purpose of estimating the amount of sulphur contained in certain 
bodies. Instead of getting out the sulphur bodily ipidor its own proper aspect, they 
oxidize it by means of nitric acid, convert^t into jm^huric acid, and from the amount 
of sulphuric acid«gennrated calculate the original amount of 
sulphur. 

Determinaiion, Composition of Sulphurous Acid * — This 

may be readily accomplished by a synthetical operation, as 
follows: — Filbi^e globular portion Sjf a glass flask with 
oxygen gas, and dip the neck of the flask in mercury, taking 
care that a portion of mercury rise up into the nedc. Now, 
having attached a small piece of sulphur to the end of a 
wire, plunge the sulphur up through the mercury into the 
body of the glass flask. By means of a burning lens, the 
sulphur is, now to be ignited. It will continue to bum, com- 
bining with oxygen and yieldiiig sulplmsous aoid,'aa we have already seen (page 284) ; 
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but the volume of the qpgmal gas will not have been altered, from which circumstance 
we infer that sulphurous acid gas must contain its own volume of oxygen, united with 
sulphA*. How much sulphur ? is the next question tovbe determined. We can arrive 
at this solution in the^oUowing manner 

Defisity or specific gravity of sulphurous acid gas, aepre- ) 2*247 
sented by the weight of one volume • . . ) 

Do. of oxyeen*represented by t»ne volume 1*106 

One>8i^ (nearly) of the density or specific gravity of the ^ 

vjLpour of sulphur, thus corresponding with one atom> 1*141 
(see page 335) . ) 

Sulphurous acid is thcrefore,.4ccording to this synthetical demonstration, a com- 
pound of one-sixth volume of sulphur (one atom), in combination with one volume, or 
two atoms, of oxygen, and is, consequently, thus indicated by chemical symbols, — 

SOj. 

SULPHURIC ACID. 

Atomic weight 40 

General Properties. — Sulphuric acid in its uncombined condition is a very rare 
substance, having somewhat the appearance of snow. • It can only exist whilst sealed 
in vessels from which all moisture, atmospheric or otherwise, is excluded; for its 
tendency to unite with water is great. It combines with water in several proportions, 
two of which are well known— namely, the acid of Nordhausen (so called from the 
place of its manufacture), composed of two equivalents of real sulphurio acid with one 
of water, and the monohydrate of sulphuric acid of commerce. The latter is the 
strongest oil of vitriol of English commerce, and, as its name indicates, is a compound 
of one equivalent of real sulphuric acid combined with one equivalent of water. 

Preparatmi. — The most direct method of preparing finhydrous sulphuric acid 
consists in passing a mixture of sulphurous acid ^and oxygen over spongy platinum 
contained in a tube heated to redness; but the operation is only interesting in a theo- 
retical point of view. It may be prepared* in greater quantities by^^istiUii^g fused 
bisulphate of soda ; but the most rc^dy mdhns of obtaining it in a considerable quan- 
tity is by distillmg the sulphuric acid of Nordhausen. I have already indicated the 
composition of the latter, as a compound of two of real acid plus one of water. 
Perhaps, however, it is more philosophical to regard it as a solution of real sulphuric; 
acid in the monohydrate of the same, for a great difference exists as to the readiness 
with which its two parts of real acid ore evolved. If the Nordhausen acid be exposed 
to distillation, an equivalent of its real acid is given off with fagjdity, and mayl)(; 
collected in a proper recipient ; but the second equivalent retains its amount of water 
with such obstinacy that both may be distilled over unchanged if tho temperature 
be sufficiently elevated. 

Nordhaimn^ or fuming Saxon Sulphurio Acid. — The nature and composition of this 
substance having been indicated, it now remains to describe its mode of preparation, 
which is as follows Protosulphate of iron (green vitriol or copperas), a salt composed 
of one atom of sulphuric acid, one of protoxide of iron, and seven of water, — conse- 
quently, of which the formula is Fe 0. SO 3 -f- THO — is exposed to the action of heat 
in open vessels, by which means six equivalents, or atoms, are liberated ; but the 
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sereal^ maintaining its union with, greater obstinacy, remains. By still increasing 
the degree of heat, a portion of sulphuric acid is decompoeed/yielding oxygen to the 
protoxide of iron, which it coqyertg into sesquioxide, Fe^Oj, and which, in itar* turn, 
unites with the remaining sulphuric acid. Still increasing the heat, the sulphate of 
sesquioxide of iron is decomposed, its sulphuric acid being evolved in combination 
with water, and peroiide of iron remaixung. Such is the preparation of the Nord- 
hausen sulphuric aci^; it is a compound far inferior both in u|ility and interest to the 
monohydrate qf sulphuric acid, presently to be'^described. ‘ ^ y 

Monohydrate of Sulphuric Add {Oil of Vitriol ), — The most advamallj^eous point from 
which to commence our study of oil of vitriol, as commercially produced, will be that 
portion of our remarks which relate to binoxide of nitrogen, and the ^gher oxygen 
compounds which it is capable of forming, up to the maximum, which is nitric acid. 
It will be remmnbered (p. 323) that binoxide of i^trogen is itself a colourless gas, 
i^hich immediately gives rise to ruddy fumes when alloWed to come into contact with 
atmospheric air, or any gas dontaining oxygen. It will be remembered, moreover, 
that these*ruddy fumes are a mixture of the lidgher oxygen compounds of nitrogen with 
each other; are ^a mixture, therefore, of hyponitrous, enitrous, hyponitric, and x^tiic 
acids. Now we have seen (p. 340) that sulphurous acid can decompose nitric with the 
generation of sulphuric acid ; but the circumstance still remains 4o be indicated, that 
nitric acid is not pect^r in this respect. Nitrous acid can be deeompoBed by sul- 
phurous acid— so can hyponitrQ 7 is acid, and even, under some conditions, binoxide and 
protoxide of nitrogen. This point being well remembered, the process of the oil of 
vitriol manuifacture wiU be readily apprehended. 1 will now proceed to illustrate the 

changes which ensue, by 
meaxis of a simple experi- 
ment:— A is a glass flask 
slightly moistened with aba- 
ter, and furnished with a cork 
having four perforations, two 
of which are in tubular com- 
munication with flasks, and 
two open freely into the air ; 
the latter are for the object 
of preventu% the rupture of 
the large fla^ by the sudden 
pressure of gas within. The 
flask G contains a mixture of 
copper and diluted nitric 
acid, and of course will 
^ liberate binoxide of nitrogen. The flask B contains mercury and oil of vitriol, 
and consequently, when heat is applied, will liberate sulphurous acid. If, then, 
by means of this arrangement sulphurofls acid and binoxide o^ nitrogen be brought 
into contact wiUi aqueous vapour in the large flask, certain phenomena will 
bo observed illustrative of the manufacture of oil of vitriol. The first phenome- 
non to be observed is the conversion of binoxide of nitrogen into ruddy fumes of 
hypomtrotts and nitrous acids ; the second is the generation of small acicular crystals ; 
the third, the total disappearance of these crystals if the cork be removed and water 
poured in ; the fourth, the existence of oil of vitriol iu the resulting solution; the fifth, 
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the liberation of binozide of zutrogoA 4u^g «et of ipiplutipp. 

may easily be recognidbd by the geaeratiop. of raddy fupaos* 

^ppo^ng these yarious stages to haye been gone through, it is eyid^Slt 
having generated a certain amount of dilute oil of yi&ol, we shsU bave A# 

point from which wd started, that is to say, we shall have reproduced a mixture of 
hyponitrous, nitrous, and sulphurous acids in the large globe. Precisely this ia>beme of 
decomposition is effected in the manufacture of oil of vitriol, with the sole exception 
that the orysta^n^ ifody generated In our iezperiincnt~^d bemg a compound of 
nihmussnd^m^pi||^usa^4e-^is#vo^ Mis ezis&nce show tbe 

degeieacy of aqueous vapour, imd hs bfstjens to SU^ly snore. We are now |n a 
position to 9:i^iemibaB4:*the nature of oil of vitriol menufaotuire, 

^he apparatus for eonduetanl this manufiotiiFe, Umouib^ variously modiflod, nsay be 
divided into \w9 p<^onss emjisting ^ a ssiias lei^ 

responding in formation to tfor large glass and serving io retain g piiiitiire of 
sulphurous acid and the oxygenated nitruus products ; Ihe second of an oyi^pwsatlng 
and a distillatory apparatus depriving the acid of muph water, wfthwrj^ it is 
cofpbiiied ; for we have already sees, in our miniature experiment, tiiat the sulphuric 
add resulting occurs in combination with much water. The originA plan of manu- 
facturmg oil of vUz^l consisted in burning a mixture of xutrate of potash and sulphur 
in a close furnace, and conveying the results of combustion into a series of leaden 
chambers covered a few inches deep with water, ^hose results ^ire a mixture of 
solphurous acid with binoxide of nitrogen, the latter changing to hyponitrous and 
nitrous acids immediately it comes in contact with the atmospheric aip contained in 
the leaden chamber, and hyponitrous and nitrous acid roasting upon the sulphurous 
acid and watery vapour, causing the layer of water on the floor of the leaden jchamber 
to be impregnated with dilute sulphuric acid, as wc have already seen. It mmained 
to convert the dilute sulphuric acid thus generated into concentrated old of vitriol, 
which was accomplished by driving off the excess of water by means of heat. The 
heating process was, and indeed still is, commenced in leadAn boilers, but it was finished 
in retorts of gloss. Instead of glass, large retorts of platinum are at present .substituted. 
Modifleations of this process of oil of vitrio^ nSanufucture arc now adopted, to tha 
exclusion of the original. One of the mo^ complete processes of Itind, and the 
apparatus employed in conducting I shAl uow proceed to describe. 

It is r^resShted by the diagram on page and consists, as wfllbe scjsn, of five 
leaden chambers, connected with each other by flues, and associated with other 
apparatus to be described hereafter. 

Let us commence our description of this apparatus at the p^ marked A, which 
represents the ash-pit of a small grate or fhmace, the fuel consumed iff which is iron 
pyrites (sulphuret of iron). The heat evolved by this combustion serves to vapourise 
some water contained in a vessel represented in our diagram immc£ately over the forr 
naces, and which will be seen to communicate by means of pipes with chambers 1 and 
3, also with the littlS vessel P. Tracing now the direction pursued by the evolved 
solphurous acid gas, we perceive that it goes through the chimney M into the vessel A, 
where it comes into contact with a stream of oil of vitriol highly charged with nitre-' 
genous compounds of oxygen proceeding from the leaden vessel K ; the soui^Qe of 
which will be indicated hereafter. In the vessel A are represented slan t ing jpl^eets 
of lead; these being for the purpose of dispersing the stream of nitrogeniasid oil(^ 
vitriol into thin layers, and bringing it into contact with the aspendiug fumes uf 
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nitrous acids by combining with atmospheric oxygen &s 
sociated with the sulphurous acid. All these gaseous 
materials now p 2 ^» on ^ into the chamber No. 1, the gaseous flow being expedited 
by a jet of steam, as representedun the woodcut. But the steam jet has a chemical 
function to perform also ; it has to prevent the generation of the crystaUinc body 
described at p&ge 342, and to determine the formation of sulphuric acid, which it does so 
effectually that all the oxidizing nitrogenous compounds resulting from the impreg- 
nated oil of vitriol, supplied by the vessel N, are exhausted of their disposable oxygen 
in the first chamber, or No. 1, so that the gaseous current which enters No. 4 is 
little else than sulphurous acid mingled with atmospheric air. In order that the 
continuous formation of sulphuric acid should go on^ it is therefore necessary to supply a 
fresh portion of oxidizmg materials. This is accomplished by the continuous dropping of 
portions of nitric acid upon pieces o^brick, represented lying on the floor of chamber D. 
No aqueous vapour is conducted into this chamber, hut the gases are allowed to mingle 
thoroughly, preparatory to their almost flxal exhaustion in the large chamber No. 8, 
where they«meet vrith abundance of aqueous \apour, as the diagram sufficiently 
represents. Chambers 4 and 5 are to be regarded as little else than rSrigerators, and 
in the vessel R the process of refrigeration is still further perfected by the agency of 
cold water externally applied. Nevertheless, some of the gaseous ingredients will 
escape — ^morepspecially a remnant of nitrogenous gases — into the cylinder B, where a 
special provision is made for retaining them. In B will be recognized some large pieces 
of coke, which aro%'*.ontinuou8ly moistened by a stream of oil of vitriol coming from 0. 
By this treatment the oil of vitriol becomes charged with nitrogenous vapours, and 
ultimately ^ds its way, by a peculiar contrivance, into the vescjpl N, where we have 
already recognized its presence and intii&ated its fhnetion. The means by which the 
nitrogenized oil of vitriol is conveyed from B to N are simple enough. It necessarily 
flows into P by simple descent, and it is elevated from P to N by the pressure of 
steam, turned on when required from the steam-boiler. 

Chtmioa^ Ptopertiea of Stdphurie jUid, its Method of Determination andAnedyeie , — 
Some of the properties of pure sulphuric acid have already been described. This sub- 
staime is of inferior importance to the chemist, as it seldom or never occurs in the 
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course of analytical operations. Sulphuric add in solution or combination are the 
conditions which usually present themselves to his notice. The strongest sulphuric 
acid of English commerce (oil of vitriol) is a compound, as I have already mentioned,' 
of one eq(Ui valent realgsulphuric acid, and one equivalent of water. It has the j^ysical 
appearance of an oil, whence its name. Its specific gravity is about 1 *850. It rapidly unites 
with water, evolving much heat in doing so. It chars organic piatters when brought 
into contact with them,tt];ds effect being referable to its affinitysfor water, as the fol- 
lowing czplanati^ ilill make evident. Organic bodies, as the rule, are eompbunded of 
oxygen, hydro^, and carbon, with or without nitrogen ; hence, if oxygen and hy- 
drogen be removed in the form of water, the barbon, either with or without nitrogen, will 
remain. But the natural form qF carbon when isolated is a black solid (charcoal), and 
thus the clearing operation is explgincd. Like all strong acids, sulphuric acid reddens 
litmus paper or tinctifro of litmus ; but the acid must be bonsidcrably diluted in order 
to manifest this change with effect, otherwise the destructive tendency of the acid 
comes into operation at once ; the vegetable colour is charred and no jredness is 
manifest. 

Sulphuric acid has a great ^tendency to unite with alkalies, and the generality of 
metallic oxides — in short, all1;hc substances to which the generic appellation, bases, is 
applied ; constituting salts which are denominated sulphates. 

Few substances admit of being determined, separated, and estimated with so great 
facility as sulphuric acid. The earth baryta, or its lAlublo combinations, is the test. 
Sulphate of baryta is absolutely insoluble in water, practically speaking ; therefore, by 
means of baryta, or any compound of the metal barium (sulphate of bar^a of course 
excepted), the whole of the sulphuric acid, whether combined or uncombined, existing 
in any solution may be easily thrown down. Of ^bis the student may convince him- 
self by a very simple experiment of the following kind. Four about half an ounce of 
water into a beaker or test glass, add one drop of oil of vitriol, and prove the acidulous 
nature of the solution by moistening a slip of blue litmus papgr with it. Next drop cau- 
tiously into the dilute acid a solution of caustic baryta as long as any white precipitate 
continues to subside. Neutralizatiqp being thus effected, the solution, formerly acid, 
'will be found to have totally lost tbe*propcrty ofVeddening litmus ; in other words, its 
acid contents will have been removed. 

The mere oqj^urrcnce, however, ofta white precipitate on adding baryta a solution, 
is not to be regarded as conclusive evidence of the presence of sulphuric acid : carbonic 
acid will effect that result, and some other acids as well ; but all the white precipitates 
resulting are soluble in boiling nitric acid, ^ith the sole exception of sulphate of baryta. 
Two white barytic precipitates, at least, not only dissolve in hot nitric acid, but dissolve 
with effervescence owing to the escape of gas. A barytic precipitate demeaning itself 
thus, may be cither the carbonate or the sulphite. If the latter, atismell like that of 
a burning sulphur match will be recognizable ; if the former, there will be, in small 
quantities, no smell whatever ; in large quant^ies the peculiar odour of the gas (car- 
bonic acid) which is evolved fh>m soda water and ginger beer. 

Not only are baryta and barytic compounds qualitative tests of the presence of sul- 
phuric acid, but quantitative tests as well ; for the sulphate of baryta is a definite com- 
pound, the amount both of borytio and of sulphuric acid which it contains is well 
known ; hence the amount of sulphuric add or of baryta may he readily determined in 
a definite quantity of dry sulphate of bar 3 rta. Every 108’5 parts of this body oor- 
j respond with 40 of sulphuric acid, and 68*5 of baryta. 
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MypoBu^kwrk aad,^li a cwresit af aiilpliiuious acid pasted ttovigli wat^r hold- 
ing peroxide of xsaagaBese is ampemuon, the gas ie absorbed wiilst mj of Idie peroxide 
nmains, wbetber the solutioiiftbe hot or cold; but the kiod of ,decoiiqK)sitio]ifiiffers 
aoeerding to the temperature at erhich the operation is 6oDdufite^. Xf the waiter hold- 
ing the oxide in suspeauon be cold, the following decomposition takes place : — Two 
6q[uiTalent8 of sulphuf ons acid combine with one equivalent of oxygen remoTed from 
the peroxide of mangfaese, which consequently is reduced to tlje condition of protoxide 
acid, and hyppsulphate of protoxide df manganese results,^ (ie^omposition which 
admits of being thus represented. 


2 Sulphurous acid 


' 1 Hyposulphurio pcid 


f 1 Oxygen 
( r Protoxide 


f«Hyposulphate 
of protoxide of 
manganese 


Or, in chemical symbols, as follows : — 

^ MnG «2 -f 2SO2 = MnO.SjOj. 

If the water holding the peroxide of manganese in suspension be heated, a still 
more complete *dbsoiption of oxygen is effected by the sulphurous acid gas ; which 
becomes changed into sulphuric acid, and by umting with protoxide of manganese, forms 
the sulphate of protoxide of manganese ; or, as more simply expressed, the protoaul- 
phate of manganese. In this case only one equivalent of sulphurous acid reacts upon 
one equivalent of peroxide, and^the scheme of decomposition is thus expressed. 


1 Sulphurous acid 


1 Peroxide of manganese 


1 Oxygep / 
1 Protoxide 


1 Sulphuric acid v 


Sulphate of pro- 
toxide of manga- 
nese. 


Or, MnOa -f SOj = MnO-SOy. 


Notwithstanding any care we may take in cooling the water holding the suspended 
oxide, it is difficult to pre'^ent the formation of a little sulphate of manganese consenta- 
neously with the hyposulphato ; hence a process of separation must be had recourse 
to. The process is as follows : — ^The filtered liqhor is decomposed by dropping in a 
solution of caiwtic baryta, which precipilntes the protoxide of manganese, and gene- 
rates the hjposulphate and the sulphate of baryfg. The latter v;e have already seen 
to he a remarkably inscfiublc body, but the former is soluble ; it a&iordingly passes 
through the filter, and may be obtained by continuous evaporation of the filtrate 
(filtered liquor). 

If the hy^osulpbate of baryta be now re-dissolved in water, and sulphuric acid 
cautiously dropped in until no further precipitate is occasioned, it is evident we shall 
have succeeded iq; throwing down all the baryta, leaving a pure aqueous Ullution of 
hyposulphuric acid. The water may be dissipated by means of evaporation; but the 
evaporation must be conducted without heat, in a manner fluently employed by 
chemists when delicate solutions are concerned. 

The aqueous solution being placed in a capsule of glass or platinum, is indosed 
within the receiver of an air-pump in association with another oapsulc, holding strong 
oil of vitrioL A vacuum being now produced by working the pump, aqueous vapour 
arises from the dilute solution of hyposulphuric ucid ; and no sooner arises than it is 
laid hold of by the oil of vitrid, ^ich becomes dilute at "the expense of the former, 
and thus concentration of hyposulphuric acid is effected. • 
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HYPOfiUlPHU&OVS ACID. 

TLis body has never yet been isolated; but its pre^nce in oombina ti on with b ases 
is unequivocally demonstrated*. The results of these combinations are termed bfpoMil- 
phites ; and one of them, hyposulphite of soda, is now manufactured in conuderable 
quantities for employment in photographic operations. There to various metibeds of 
producing hyposulphites ; the following are Ihc most important 

(1) . By boilinv t^e ablution of a sulphite ^ith an excess of powdered sulphur, 
which operatioi! ^e necessary amount of sulphur to form a hyposulphite entexs into 
combination. The solution now being hlterpd and evaporated, yields the hyposulphite 
pure. 

(2) . By the solution of zinc m a solution of sulphurous acid. This metal having a 
great tendency to unite with oxygen removes a portion h^m the sulphurous acid, 
generating hyposulphurous acid, which at once combines with the oxide of zinc, 
forming hyposulphite of oxide of zinc. By operatiz^ in this way, however, a variable 
amount of sulphite of zinc is simultaneousdy produced. 

(3) . By exposing solutions of alkaline sulphurets (sulphides) to certain oxidizing 
agencies—such, for example/ as oxygen gas or atmospheric air. 

(4) . By boiling a solution of potash, soda, or baryta, with sulphur in excess. This 
process yields hyposulphite of tho base, and persulphurets of the base radical : thus, 
supposing sulphuret of potassium to have been employed, we obtain hyposulphite of 
potash, and persulphuret of potassium. 

B^optriki -Ahyposulphite may, in general, be known by the two 

following characteristics. It is decomposed on the addition of either of the mineral 
acids, with the evolution of sulphurous acid gas, easily recognizable by its peculiar 
smell, and deposition of sulphur ; and if the hyposulphite be of an alkaline base it 
dissolves chloride of silver, forming a transparent sweet solution. 

remaining Oxygen compounds of Sulphur, — ^These are so devoid of importance, 
both theoretical and practical, thal I do not think it de^able to treat of them in 
detail. 

Cotnhinations of Sulphur with jE[gdrogen,-^TkexB are two combinations of sulphur 
with hydrogen— namely, sulphuretted hydjrogen, or hydrosulidiuric ^id, and hisul- 

phuretted hydrogen. , ' ' 

% 

SULPHURETTED HYDEOOEN, OB HYDBOSULPHUEIC ACID. 


Composition . . HS 

Atomic weight 17 

• Atomic or combining volume in the gaseous state . ' ] | 

specific gravity in the gaseous state . **. 1'1681 


General Remarks , — This compound is an agent of great importance to the analytical 
chemist. It may he^considered as the test pur execlleneey for calcigonous metals ; all 
of which, except iron, manganese, cobalt, nickel, and uranium, precipitate Brom their 
solutions without any collateral aid, and even the five excepted metals are precipitated 
from their solutions by this agent in the presence of an alkali— by preference a mm Mi i a. 
The prevailing colour of these precipitates is black ; but zinc yields a white preci- 
pitate, and it is the only metal which does so. Manganese (one of the metals whidi 
requires the collateral aid of an alkali to effect precipitation) yields a precipitate with 
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hydrosttlphuric acid, which is sometimes called white, but wljjich is in reality flesh 
or cream-coloured. Arsenic, cadmium, and tin (the latter in certain states of combina- 
tion) are the only metals which ^leld a distinct yellow precipitate with it ; the preci- 
pitate afibrded by antimony is sometimes described as yellow, but it is in reality 
orange-coloured. 

Thus, by the eyidehce of hydrosulphuric acid the analytical chemist gleans a vast 
amount of information. Let us suppose the pxistence of an runknown solution. It 
has to be analyzed. It yields a precipitate with hydrosulpliuricft a^, and, thtrefore, 
contains a metal ; moreover, it contains a calcigenous metal, and th^netal is neither 
iron, cobalt, nickel, manganese, nor uranium, for these only yijpld a precipitate when 
an alkali also is present. Again, the solution is black, therefore the metal can neither 
be arsenic nor cadmium in any state, nor tin, in at^ least one state (i. e. as a persalt), 
nor antimony. What a vast amount of informatioh then is cJonveyed by this one 
test ! 

Preparation. — Direct union of i^ulphur with hydrogen has never yet been accom- 
plished ; but when sulphur is brought into contact with hydrogen in a nascent condition, 
combination between the two is readily effected. The ‘preparation of hydrosulphuric 
acid is usually accomplished by acting upon sulphurets (Sulphides) with sulphuric or 
hydrochloric acids. If hydrosulphuric acid 'be required absolutely pure, the most 
convenient sulphyret to jemploy is the sulphuret of antimony, and the best acid the 
hydrochloric (spirit of salt, or muriatic acid). The decomposition should be effected in 
a flask, heated by means of a spirit-lamp or other small flame ; and the gas may be 
collected either over mercury or water — for although water dissolves from two and 
a-half to three volumes of the gas, the absorption soon reaches its maximum, and docs 
not materially interfere with the pneflmatic operation. It is but seldom, however, that i 
the chemist requires to colhict hydrosulphuric acid gas. In this and most other 
examples of the generation of a gas by the operation of heat on materials contained in 
a flask, it is proper to wasl^ the gas in a little water,: the means of accomplishing this 
will be soon described. 

Timry of the Decomposition. — When sulphuret of antimony is acted upon by hydro- 
chloric acid the decomposition is as ibllows : — The chlorine of hydrochloric acid, by 
uniting with aiflimony of the sulphuret of*’ antimony, generates chloride of that metal, 
whilst the hydrogen of hydrochloric acij comlyning with sulphur ^of the original 
sulphuret of antimony forms hydrosulphuric acid. These several grades of decom- 
position arc more readily explained by means of the following diagram : — 

1 Sulphuret (sesquisulphuret) ( 3 Sulphur -yZ Sydrosulphuric acid 

g€ antimony ( 2 Antimonys^ 

. 3 HydrochlorioVdd Js Chloride (ee«i«iohlorido) 

of antimony 

Or, Sb,*S 3 + 3HC1 = SbjCla + 3HS. 

In general laboratory operations sulphuret of iron is more frequently used than 
sulphuret of antimony for developing hydrosulphuric acid, and oil of vitriol diluted | 
with about three or four times its volume of water is substituted for hydrochloric acid. I 
If the sulphuret of iron be completely free from particles of metallic iron, the resulting ' 
hydrosulphuric acid is equally pure with that resulting from sulphuret of antimony ' 
* StilUumf the Latin word for antimony. Vide page 278. ' 
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and hydrochloric acid ; ”but this Bcldom ohtams ; hence the gas is usually contaminated 
with ^ littlo hydrogen. The latter, however, is for from being prejudicial to the 
employment of hydrosulphurx acid — for most of its common applications is rather 
advantageous, by exj^nding the volume of the hydrosulphuric acid gas, and bringing 
it more fully into contact with the metal to be precipitated than otherwise would be 
the case. 

As the operation|>f ^preparing sulplhiretted* hydrogen is of f&quent occurrence in 
the laboratory, Jl^all proceed to indicate more fally than I have hitherto done the 
proper apparatus to bo employed. In the .process already detailed, involving the use 
of sulphuret antimOny and hydrochloric acid, we found it necessary to use a flask 
and to apply heat ; but when sdLphuret of iron is the material acted upon heat is no 
longer necessary, an^, conscqueiAly, a wide-mouthed bottle may be substituted with 
advantage for the flask. * 

Thus modified, the apparatus will be as represented in the annexed cut. It con- 
si.st3 of two wide-mouthed bottles ; the greater of* which may hold a pint, and the 
oth^r need not be quite so 
largo. Tho cork having, 
been removed from the first, 
some pieces of sulphuret of 
iron are thrown in, and the 
cork is replaced. Thesmaller 
bottle is to be about half filled 
with water, and the cork re- 
placed. 12 3 respectively 
indicate small lengths of 
glass tubing. C C are pieces 
of vulcanized india-rubber 
tube, one leading from the 
first to the second bottle, 
another loading from the seeond bottle tq the length of glass tube, which 
begins at the point marked i, and expends down into a beaj^r glass, which 
is supposed to contain a metallic solutioiF to be precipitated by the h^^drosulphuric 
acid gas. If #6 desire to set this ^apparatus in operation, nothing more is required 
than to pour oil of vitriol properly diluted down the funnel F, when, on coming 
into contact with the sulphuret of iroi^ hydrosulphuric acid will be liberated, and 
the latter bubbling through the water in the small bottle will bo washed free from 
any sulphuric acid which may by chance have come over with it ; and Hydrosulphuric 
acid wiMe finally driven through the solution contained in tho beaker glass. The 
apparauHiere described differs in some respects from that commonly provided for the a 
purpose, and unquestionably with advantage. Firstly, it is usual to substitute for the 
straight pieces of ffrbing 1 and 2 pieces bent once at a right angle, effecting the 
junction between them by a very short connector of india-rubber. It is usual, also, 
to substitute for &e compound tube of glass and india-rubber terminating in the 
beaker glass one piece of bent glass tubing. Now the advantages of the apparatus 
above r^resented are as follow Complete absence of rigidity is secured b^ween the 
.two bottles-^ somewhat important matter, as the operator will now discover, if he 
work much in the laboratory ; complete freedom of motion in the delivery tube^ and, 
.what is still of more consequence, tiie ability’ to join at the point d a olean j^ece of 
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^laf;s tabing for every new operation. Let ua suppose that the chemist has been 
throwing down arsenic by mean^ of tho rigid bent delivery tube usually employ 3 d for 
this purpose. Of course the, tube becomes soiled wilii the solution internally, and 
until perfectly cleaned ought not to be used for the precipitation of any other metal. 
But to clean a glass tube bent into tho form of a V is no easy matter, and in trying to 
do so cither time is cpVisumed (without avail sometimes), or the operator is tempted to 
prejudice his result by using a dirty tube. Oih* form of apparatfui jemoves all these 
difficulties. One word now concerning the sort of india-rubber tubin^jto be employed. 

It must be vulcanized, as I have already stated, and vulcanized india-rubber tubing ■ 
can be obtained of almost any dealer in chemical apparatus ; but thonczact kind of , 
vulcanized tubing which best suits our present purpose must be sought in a quarter 
not very congenial, for the most part, to philosophic 4»perations. , It must be sought at 
the tobacconist’s under the name of Hookah tithes. It is not only a cheaper material 
than that purchased at chemical warehouses, or even of india-rubber manufacturers, but 
it is better Yn several respects, smaller, more delicate, and more easy of adaptation. 

Sulphuretted hydrogen is cither used as a mere qualitative test, to indicate the 
existence of certain bodies by the evidence of change of colour, or it is employed as a 
quantitative precipitant. In the former case it is generally preferable to employ a 
solution of the g^s in water ; in the latter tho gas itself should generally be employed 
to avoid unnecessary dilution o&the liquid acted upon. Water, to be impregnated with 
hydrosulphuric acid gas, should be pure and cold; it should, moreover, have been 
recently boil«l to effect tho expulsion of all traces qf atmospheric air and other gases. 
Under these conditions water soon takes up its maximum of hydrosulphuric acid, tho 
more speedily if it bo agitated during the act of gaseous transmission. Tho solution 
thus obtained should be kept well corked and in a cool and dark place. Even with all 
this care it is decomposed in time, sulphur deposited, and the nauseous odour of rotten , 
eggs, so characteristic of sulphuretted hydrogen, lost. Whenever theso changes ensue I 
the solution is worthless, ahd should be thrown away. I 

Though the usual condition of hy dros^jlphuric acid be gaseous, it may be also obtained 
in tho liquid and solid state. It is liquiiled at ordinary temperatures by a pressure of 
about sixteen at*nospherc8, being condcnsediinto a transparent liquid having the specific 
gravity of (bO. Its reduction to the solid state requires the simultaneous application of 
extreme cold and pressure. Sulphurous acid gas is not a supporter of combustion for 
ordinary combustibles, but it readily burns if a light bo applied, the results of combus- 
tion being sulphurous acid gas and water. Tt is a remarkably poisonous gas, a small 
percentage ot it in the atmosphere being fatal to animal life if breathed many times in 
succession. Still more extraordinary is the fact that an atmosphere contaminated with 
this gas can prove, fatal to animal life by mere absorption through the skin. French 
veterinary surgeon demonstrated this by enveloping a horse In a large ai^ght bag 
containing this gas mixed with air. The horse died from the effects of cutaneous 
absorption. Nevertheless, the gas is exhaled from the hair of animals, and this fact is 
taken advantage of in the employment of a hair dye. Formerly nitrate of silver was 
employed as the universal hair dye, but it is attended with the great disadvantage of 
discolouring skin as well os hair. A mixture of oxide of lead and lime is now employed, 
and it has tho advantage of dyeing tho hair without discolottring the skin. The theory 
of the application is simply t^ Lead being one of the metals with whidi hydrosul- 
phnxic acid yidds a bladt precipitate, and the hair being well penetrated with the 
metallic oxide, hlackneis residts from ike decomposition of that oxide by the hydrosul- 
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phuric acid which it meets with in the capillary tubes. The function of the lime is 
not o^ly to effect remoyal of oil, but to render the oxide of lead somewhat soluble. 

It remains now for me to qxplain tho nature of tlte precipitates thrown down by 
hydrosulphuric acid iirom certain metallic solutions. These compounds are sulphurets, 
otherwise called sulphides ; tho results of«direct union, therefor^, between sulphur and 
the metal, or other second body, as I have already explained, paje 335. Consequently, 
when hydroBulphurin aojld is passed througl^ a solution of a tnctallio oxide, and a 
metallic sulphur^ of the metal results, water also must be formed. *The following 
diagram, illustimuig the formation of sulphuret of lead by means of hydrosulphuric acid 
transmitted thtpugh acetate of oxide of lead, will render this statement evident : — 


Acetate of lead (»f e. acetate 
qf oxide of l<|Ad) 


f Acetic acid 


Hydrosulphuric acid | " 

This production of sulphurets, by the action of hydrosulphuric acid on metallic 
oxides, is a very interesting subject for contemplation. Hydrosulphuric acid is the 
first hydrogen acid, or that has hitherto come under our notice in this 

volume, and a slight amount of attention will assure us that its relations to bases are 
very different from the generally accepted relations of oxygen acids to the same. 1 
say geiMrally accepted, because chemists are by no means agreed concerning the exact 
scheme of tho combination of the oxygen acids ; but we spef^ of them at least as com- 
bining with bases, the latter being Tor the most part metallib oxides. Now let us con- 
template the difference, as to scheme of combination, between the action of sulphuric 
acid and hydrosulphuric acid on one exide — of lead for instance. If sulphuric acid bo 
added to oxide of lead, or a solution containing it, a white compoigud (sulphate of 
oxide of lead, or sulphate of lead as^ for Hirevity, it is sometimes called^ is fbrmed. 
Thus we have, 9r at least wc appear to have, a direct combination of sidphuric acid 
and oxide of lead, thus 

SSS'S'iS'’ 

But if for sulphuiio acid wc substitute hydrosulphuric acid, the formef type of cOm- 
binationJjawhoUy departed from. We do not obtain hydros^phate of oxide of lefid, 
but sulpffiet of lead and water. There can be no question abouf the formation of 
sulphuret of lead, because it falls and we obtain it bodily ; but had it so happened that 
the result of transmitting hydrosulphuric acid through oxide of lead might have been 
a substance soluble in water, our chief evidence as to the formation of a sulphuret 
would have been absent. It might have dissolved as a sulphuret without decompo- 
sition of water, or as a hydrosulphate with decomposition of that fluid, as the two 
following schemes will eaqdain. 

SCHEME I. 

Wato*^ } Aqueous solution of sulphuret of a? 
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SulphiirXot. {|,j^ • 



Oxide of X 


Hj-drosulpliiiric aoid 


Hydrocmlphate of 
oxide of X 


These remarks a^ly to all the hydfacids without exoeptip:! ; , and if we accept the 
LaToiserian doctrine of salts, as being the results of union between rcids (compounds) 
and bases (also compounds) ; and if, moreoyer, we continue to regard oxyacids as the 
type of normal acidity, the hydracids will constitute an intractable exception to such 
generalisations. But modem theory rather tends to the point of making hydracids the 
type, and associating salts of oxyacids with sulphureK &nd other cognate bodies. There 
is no proper field in a volume of this kind fora fUU exposition of the arguments 
in favour of this doctrine or against it. I must, therefore, centant myself with proving 
to the student by one example, thKt, — the attempt to assimilate oxyacid salts with the 
type ofliydracid salts, is not so impracticable as one might imagine. Take, for instance, 
sulphuret of lead. Its elements are sulphur, oxygen, and lead combined, as cheifiists 
usimlly assume, in the grouping of three of oxygen plus one of sulphur (sulphuric acid) 
with one of oxygen plus one of load (oxide of lead), or simply thus : — 


Sulphuric acid \ 
Oxide of lead j 


Or, still more simply, thus 


But it is also competent for us to assume the existence of a body having ika following 
arrangement of elements : — 

SO4 Pb 

In which case the group ^04 would oorrespond in function with sulphur in sulphuret 
of lead. a 

It would lead us too far from the objects of this volume were we to expatiate 
furth^ on the vheory of combinations; bot. before quitting the subject, the curious 
fact may be noticed that if the strict notion of an acid, as adopted by Lavoisier, be 
advocated — if chemists see good reason for limiting the definition, w/f, to the binary 
combination of a compound with a compound (an acid with a base), then must we be 
driven to the necessity of denying the claiih of common salt to be a salt, inasmuch as 
both chemical analysis and chemical synthesis prove it to be a combination of the two 
elements, chlorine and sodium. Had it chanced to hold the dements of water in its 
crystalline structs.re, then we might have adopted one of two theories as consti- 
tution; we plight have regarded it as a chloride plus water of crystallifsation, or as a 
hydroddbrate without, as the two appended schemes will illustrate-- 

t, f Chloride of sodium ) Chloride of sodium 


C Chloride of sodium I 

i 5 


Common salt and ^ Chlorine ( at 
elements of water * Sodium > « . 

(oxygen 


Anhydrous 
hydrochlorate of soda 
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Any theory requiring us to banish coznmon table salt from the list of saline bodies, 
would indeed be startUhg ; accordingly, when the real constitution of hydroohldric and 
the Qj^er hydracids became' known, and the nature of the results of their action on 
bases " determined, the term haloid salt was inyenteft to designate bodies having a 
composition analogous to that of common table salt (firom aea aalt^ and fi8os 
I lik&ma), * 

; BISULPHUBST OF HTDBOOEK. 


CompfsiS(fti . . ^ . • . . . 

Atomic weight .33 


] If flowers of sulpbjir be boiled with cream of lime (lime mingled with water), or 
a solution of*potash or aoda, |i portion of sulphur is in either case dissolved, and 
numerous sulphurets ore generate^ the exact number and composition of which have 
never yet been determined, ^o xnese combinations of siflphur with lime, potash, or 
soda respectively, the designation of pol^/sulphurets has been applied, a term indicative 
of the existence of an indefinite number of sulphurets. These polyg^lphuretted 
combinations are decomposed when poured into aqueous hydrochloric acid (spirit of 
salli). General turbidity of thS mixture first ensues ; but on allowing it to stand at 
rest for some time, a hea\^ yellow liquor (bisulphuret of hydrogen) sinks* to the 
i bottom, and may be withdrawn by syphonage. The substance decomposes when left 
I exposed in the air, or when acted on by water ; it may, howewer, be^preserved if kept 
j immersed in somewhat concentrated hydrochloric aci^ 

SELENIUM. 

Equivalent or atomic weight . . . 39*5 

Hitherto, all the elementary bodies which have como under our investigation are 
such as we find around us in largo proportions. The immense quantity of oxygen 
existing in nature has been already noticed. Nitrogen and hydrogen exist also in 
large proportions *, and sulphur is not only a widely-spread constituent of minerals, but 
it pervades our own bodies, and also the greater portion of the aliment we consume. 
Selenium comes before us in anotl^r guise. It is one of the rare substances which 
nature sparingly produced in the beginning ^an^ when produced, hid it mysterioudy in 
combination with rare mineral species, apparently with no other iiSention than to 
confer honour an the chemist who (fliould discover it. That honour foil to the lot of 
the celebrated Jacob Berzelius, who discovered it in 1817. 

If the student be sufficiently unwise to study the properties of selenium before he 
has made himself acquainted with other lodies more familiar to us, and more useful, 
he may obtain a specimen occasionally in the stores of those who deaF in chemical 
curiositi^; but quite as well, perhaps better, will it be to loam all that he wants^ 
know concerning selenium, for a time, from the description now to He presented. 

Eistory and Natural Siatory. — Selenium, so called after fFa\4\yt\, the moon, for the 
reason, more fancifulathan philosophic, that i4 had been mistaken for tellurium, called 
after Tellus, the earth ; and its identity with tellurium being disproved, it was named 
after the earth's satellite. It presents many points of similarity to sulphur, and in 
this does its chief interest lie; for selenium is a very interesting b^y, notwithstanding 
the chemical student has been advised to pass it over for a time with a casual investi- 
gation. Like sulphur, it can exist in the three conditions of soUd, liquid, and gas. 
Like sulj^ur, it forms selenious and solenic acids, having a parallel composition to the 
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sulphuroiu and Bulphuric. Then, again, edanic add, like sulphurio acid, forms a yezy 
insoluble compound with baryta ; and, for the most part, the iSrystaillme oharaoter 
seleniatea is similar to the crystaUine character of sulphates : henoe they are 8aid/.o be 
isomorphous. Furthermore, as sulphur unites with hydrogen to form hydrosuJphuzic 
acid, so does selenium unite with that element to form hydroseleiiic acid ; and, as the 
former dissolves in water, yielding a solutioif which ultimately suffers decomposition, 
attended with the d^osition of sulphur, so does hydroselenic acid afford parallel 
results. All points arc very curious and ^tcresting, buft^Wf^. must not expatiate 
further upon them. 

CHLOMNE. 

Equivalent or atomic weight . 

Atomic siso or volume . . . . 'll 

Specific gravity in gaseous slate . . * . . . 2*426 

Uiatorymd Synottymea.^Gllor^Q was discovered in 1774 by Schecle, who termed 
it dephlogi^icated marine gas ; subsequently it was ca^cd oxymuriatic add, from the 
belief that it wash compound of muriatic acid (hydrochloric acid), plus oxygen. To our 
own countryman, Davy, the merit is due of pointing out its true nature, and referring 
it to the Ust of simple bodies. The modern appellation ehlorim is very expressive and 
appropriate, bein^ deri-^ed froni yollowish-gremf the exact tint of chlorine. 

Chlorine, although generally obtained as a gas, may bo reduced to a liquid by pressure 
alone at ordinary natural temperatures, and still more readily by the simultaneous 
agency of cold. 

Preparation. — As chlorine docs noti exist uncombined in nature, the chemist procures 
it artificially. Nature’s great reservoir for ohiorine is common salt (chloride of sodium), 
in comparison with which all other combinations of chlorine arc insignificant. Chlorine 
is usually prepared by one of two processes : either by distilling a mixture of peroxide 
of manganese, common saltf and oil of vitrid, or a *mixturo of i)erozido of manganese 
and hydrocblorio acid. The second operation is, perhaps, loss frequently ]>Grformed 
than the first ; but as the dccomposTtiqn which onaues is somewhat the more simple, it 
shall first receiv/^^ our attention. The doeogiposition is as follows : — 

i. 

(Chlorine . . . . . is evolyv'd. 

Hydrochloric acid • • ♦ Chlorine . . 

(Hydrogen) 

«. [Water 

Pe»^ofiuajig9ac»o ^M^^ese . . 

From an Gxaminatfi)n of which scheme we see that the results of this decomposition 
are proto^oride of manganese, water, and chlorine, of which alone (he latter is 
gaseous at the temperature employed, ai^ is therefore evolyed. cin symbolio notation 
the decomposition is thus represented 

MnO. + 2IIC1 = MnCl + 2nO + Cl. 

If for a mixture of hydrochloric acid and peroxide of manganese we subatitate a 
mixture of sulphuric acid, peroxide, and common salt (chloride of sodium), the decom- 
position is as follows 


Protochloride 
* of manganese. 
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1 Chloride of ( I Chlorine 
sodium ( I Sodium ) o. 

1 Peroxide of H Oxygen ) \ 

manganese 1 1 Protoxide . . \ 

1 Sulphuric^ Sulphate of soda. 

• acid • 

1 Sulphuric '' 1 Sulphate of prot^de (protoitilphate) 

acid * of mangaxmse. 

A decomposition represented by the following symbolic notation : — 

J^aCl + MnOa -P 2 SO 3 = KO . SO 3 + MnO . SO 3 + Cl. 

. *• 

Whicbeyor process for the •liberation of chlorine be adopted, the same arrangement 
uf apparatus will suffice, and is 
represented iu the subjoined 
diagram, the nature of which, 
is so* obvious that few words gf 
explanation will suffice. A com- 
mon Florence flask is the reci- 
pient of oxide of manganese 
and its decomposing associates, 
and the acid by which decom- 
position is effected is poured in 
through a little funnel, passing 
well down into the contents. 

The liberated chlorine may, pro- 
bably, be contaminated with a 
little hydrochloric or sulphuric acid* and should therefore bfe washed by an interposed j 
bottle containing a little water ; from which, finally, by moans of a properly-disposed | 
tube of glass, gutta-percha, or vulcanized ruj^tefl it may ho conducted under the i 
mouth of an inverted bottle standing over thg shelf of the pneumatic tigugh. | 



CHLORINE WITH HYDROGEN (HYDROCHLORIC ACID). 

Equivalent or atomic weight# 

Atomic volume 
Specific gravity 

Sistory and Synonyms . — ^Hydrochloric acid, in its pure or gaseous conditfon, was 
discovered by Priestley in 1772 ; hut its aqueo^ solution, knovTi as muriatic acid or 
- spirit of salt, has been prepared from times of great antiquity. 

Tireparaiion . — Process 1 : The readiest means of preparing hydrochloric acid gas 
consists in the application of heat to its strong aqueous solution; in other words, spirit 
of salt or muriatic acid of the shops. This i& how it was originally prepared by 
Priestley; the process, however, not being imimetm as regards the composition of 
hydrochloric acid, 1 will now proceed to deseribe othors. j 


36 



h‘2474 
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Process 2. Hydrochloric acid gas may be synthetically fonjaed by the combustion 
of hydrogen and chlorine mixed in equal Tolumes. The combustion may be effected 
either by means of the electric spark, or flame, or a red-hot body. Spongy plaCmum 
and solar light also produce a similar result. Chlorine and hy^(hogen mixed in the 
proportions necessary to generate hydrochlor;p acid may be retained in contact without 
union, provided light of the sun be excluded. If diffuse sohu; light be admitted, the 
combination ensues ^gradually ; but if the light be direct, tl\p result is combustion. 
According to Mr. Brande, the light of two charcoal points igxuted* by^voltaic electricity 
produces a similar effect. ^ 

This process of generating hydrochloric acid gas is but of slight ^e in practice. 
Theoretically, however, it is most interesting and important. Not bnly does the 
operation teach us that hydrochloric acid is the result of direct union between hydrogen 
and chlorine, but it teaches us the ratio of that uniop, and. In addition, makes us 
acquainted with the important fact that the union is aUended with no condensation. 
From this latter circumstance it fallows that the atomic size of hydrochloric acid must 

be equal to two volumes, or | | | ; as it is, indeed, represented at the commence- 

ment of our description. 

It is important to remember, in connection with the preceding operation, that the 
hydrogen and chlorine gases employed may be absolutely deprived of aqueous moisture, 
and, as a consequence, of oxygeu. Hence it follows that hydrochloric acid gas must be 
devoid of oxygen. At this epoch of chemistry it would be scarcely necessary to impress 
this fact on* the learner's mind, except for the circumstance that the theory was 
once strenuously maintained that muriatic acid (hydrochloric) contained oxygen as a 
necessary constituent. 

Process 8. By the distillation of dry common salt, mixed with a sufficient quantity 
of strong oil of vitriol to convert it into a thick paste. In conducting this operation, 
the common salt should ^be powdered, thrown ipto the distillatory vessel, and the 
necessary quantity of sulphuric acid added. A due pasty consistence may be imparted 
by merely shaking the flask or {^etort in which distillation is conducted. For the 
present operation a Florence flask an;;iwers perfedtly well ; and I shall now proceed to 
indicate a conl.ivance by which it may bC adapted to our present wants with extreme 


When a flask is made to perform the function of a retort in distillatory operations, 
the luual plan of operation consists in supplying it with an accurately-fitting cork, 
perforated so as to admit of a bent glass' tube. The fastidious craving of tobacco 
smokers for j^iew contrivances has, however, brought into the market, under the name 
of vulcanized rubber mouth-pieceSf a contrivance admirably adapted to abridge the 
trouble of chemist in this and numerous other operations. 

The mouth-pieces in question are elongated tubes of 
vulcanised rubber, as represented in the annexed dnetch 
(Fig. A), dhe of these, having 
its large orifice moistened, may 
be readily adapted to a ^til- 
latory flask by drawing it over 
Fig. A. ^0 mouth of the latter, as in 

Fig. B ; and a piece of glass tube being thrust into the Fig. B. 

smaller extremity, a great deal of trouble in the way of cork^boring and tube-adapting 
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is saved. 


Hydrochloric acid gas does not admit of being collected over water, inas- 

• much as this liquid absorbs it 
with great rapidity. It must 
be collected over mercury, or 
by dispfiicement. The latter 
process ^jrves well enough for 
all ordinary occasions, and the 
complete method of conducting 
the operation is represented in 
the annexed woodcut. 

The decomposition which 
ensues in performing the pre- 
ceding operation is as fol- 
^ lows 

ide of Bodium ( ^ydroohlono acid. 



Chloride of sodium 
(common salt) 


Concentrated oil of 
vitriol 


C Oxygen i / 
( Hydrogen . . . 


V Sulphuric acid X Sulphate of soda. 

Or, in chemical symbols, the decomposition stands thus : — 

NaCl + SO 3 + HO = NaO . SO 3 + HCl. 

Propertm — Hydrochloric acid gas is colourless and exceedingly pungent. It is 
absorbed by water with violent rapidity, the result being hydrate of hydrochloric acid 
(the muriatic acid, or spirit of salt, of the shops). Owing to this violent tendency to 
unite with water, hydrochloric amd gas, though itself dblourless, generates dense 
fiimes when allowed to escape into the air ; thus proving that the atmosphere, even in 
states of weather the most dry, contains variable amounts of aqueous vapour. Still 
more white and dense are the fumos whi|h result when hydrochloric acid gas is 
brought into contact with gaseous ammoniaf because of the hydroohlorate#f ammonia 
(sal-ammoniac) formed. All burning bodies, when introduced into a vessd containing 
hydrochloric acid gas, are extinguished, and the gas itself cannpt be made to inflame. 
Its specific gravity being 1*2474, and, ther%fore, the gas being heavier than atmospheric 
air, it may be collected by downward displacement, as I have already des^jiibed. 

Aqueous Solution of Hydroehlorie Acid {Spirit of Salt ), — ^This is a very useful cogi- 
pound in the laboratory and the manufacturing arts. It is prqgured by a slight 
modification of the process employed for the generation of hydrochloric acid gas— that 
is to say, the same materials are employed, with the addition of water. A portion of 
the water should be Siixed with the oU of vftriol and common salt, another portion 
being poured into a series of Woulfes bottles, and the whole connected as repre- 
sented on the following page. 

As regards the quantity of water to be employed in the preceding operation, and 
its disposition, the following remarks are to be attended to. The flask, instead of 
containing concentrated oil of vitriol and salt, should be charged, in addition to the 
, salt, with a mixture of three parts oil of vitriol, by weight, and one part of water. 
I The first 'W’oulfes bottle in the series should contain just enough water to hold in 
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aolation any traces of sulphuric acid which may come over. The two succeeding 
Woulfes bottiles are about two-thirds filled with water, and their function is evident. 
Their aqueous contents become gradually charged with hydrochloric acid gas, and 
mayj[bc put aside for uso. ^ ’ - 



Althou^ i have desoribed the process for conductifHg the manufacture of spirit of 
salt on the small scale, yet experimental chemists hut seldom make it. The compound 
is prepared more economically on the largo scale, being employed in many industrial 
arts. Nevertheless, as iron vessels entSsr into the apparatus for its manufacture on the 
large scale, the resulting fluid is never pure. Instead of having a light straw-colour, 
as the pure acid should, it is more or less yellow, owing to the presence of chloride of 
iron and free chlorine. Hh addition to these sources of impurity it also contains 
traces of sulphuric and sulphurous acids, Styr which reason its purification is a necessity 
before employment m conducting anycdelicate operation. The method of purifying it 
is as follows ^ii«t determine whether f^ee chlorine be present by pouring a little of 
the su^ectai acid into a test tube, and' immondiig a fragment of gold4eaf ; if the 
latter dissolve, the acid is contaminated by free chlorine ; if the gold r^ain intact, no 
free chlorine is present. It must he remembered, however, that free ohloriuo can only 
exist in solution of hydrochlorio acid very: recently prepared, inasmuch as chlorine,, 
when brought into prolonged contact with water, ^composes the latter, and becomea 
converted into hydrochloric acid. If sulphurous acid be present, it should be converted 
into sulphuric aci^ by the addition of that which we have just been engaged in taking 
away— chlorine. Chlorine, when passed through an aqueous solution containing 
stdphuroin acid, speedily converts the latter into sulphuFic acid by the decomposition 
of water, as represented by the aeoompahyiug diagram : — ^ 


Chlorme_ 
Water 


Hydrochloric acid 


Sulphured acid 


We next have to deal with the sulphuric acid. This may be soporated by ft very 
careful distillation ; but a better jdan consists in adding sufficient chloride ol barium 
to effimt its complete predpitation. The impure spirit of salt having been treated as 
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(teacribod, is next to %& subjected to distiMetion, when pure A^eoos solutton of 
hydrtchloric acid alone comes over, chloride of iron md sulphate of baryta hdng left 
behind. Care should be taken to. conduct the distillatory process very gently, and to 
cease before the resihue in the flask, or retort, has become nearly dry, otlierwiso a 
little chloriJe of iron, which is somowhal volatile at high ten^eraturcs, might come 
over, and contaminate ’the product. 

It is frequently <|3sftablo to know the percaitagc amount of real h 36 drochloric acid 
in a specimen cl spirit of salt. This may he exactly ascertained by learning the., 
quantity of marble (carbonate of lime) which it can dissolve. The results of a scries 
of these operations, however, have boon tabulated ; and a reference to tho table in 
question is far more readily accomplished than a performance of the operation : for 
this reason I append p tabulated iftatemont of this kind. • 


Atoms of 

Atoms of 

Real acid in 

ftpeemc 

Acid. 

Water. 

100 of tUe^iquid. 

gravityV 

1 

§ 

40-659 . 

1-203 

1 

. , 7 . 

arooo 

fl79 

1 

8 

. . 33-945 

1-162 

1 

9 

31-346 

1-149 

1 

10 

29134, 

1-139 

1 

11 

27-206 

1-1285 

1 

12 

26-517 

11197 

1 

13 

24-026 

1-1127 

1 

14 

22i7eo 

1-1060 1 

1 

15 

2fl-612 

MOOS 

1 

. 16 

20-442 . . . 

1-0960 i 

1 

. 17 ' . 

. 19-474 

1-0902 

1 

18 • . 

. lS-600 .» . 

1-0860 1 

1 

10 

17-790 

1-0820 1 

1 

. 20 

q-(»i . . 

1*0700 j 


Tests for jffpdroehhnc Aeiel.^1 shall cflhflne myself to a discussion ot the^esti of 
hydrochloric Aid in aqueous solution, the* oharactcristios of tho gas having been 
sufficiently described already. Hydrated or aqueous hydrochloric acid (spirit of salt) is 
a liquid manifesting tho peculiar pungent^sdour of tho gas. It is devoid of bleaching 
properties, fmd thus may bo readily distinguished from on aquoous solutiqn of chlorine ; 
neither will it, like aqueous solution of chlorine, dissolve gold-leaf. Nitrate of silver 
yieldiS, when brought into contact with it, a white flocculent preqjpitato (chloride of J 
silver), not soluble in nitric acid, hut readily soluble in ammonia. ^ 

NitrO-hsdrochlorie AM mixture of two parts by measure of strong 

spirit of salt with ofio part by measure of* strong aquafortis, constitutes a liquid to 
which tho designation aqiia-rcgia has been applied, owing to tho property it has of 
dissolving gold. Aqm-regia^ nitro-muriatio, or nitro-hydrociiloric acid, is not a 
chemical compound. No combinations of it with bases arc known ; but the results of 
metals dissolved in it are simply chlorides, Tho solvent agency of aqua-regia depends 
solely upon chlorine, -^hich is liberated from hydrochloric acid whenever a solution Of 
the latter in W^atCr is brought into contact with nitric acid. 

Compownds 6f tMorihs loith Ojepgen.-^Theto arc flve well-known; eompotnids of 
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chlorine with oxygen, and the existence of others is suspected. * The flve compounds 
are as follow 

1 . Hypochlorous acid (euchlorine) 

ao 

2, CMorous acid (protoxide of chlorine) 

CLOj , 

3. HypoShloric acid (peroxide of chlorine) 

01.04 

4. CUojIc acid .... 

aos 

&. Perchloric acid . ' . ' 

C 1 .O 7 

' HTPOCHLOBOUS ACID. 


Atomic weight .... 

43i^ 

Atomic size . . . ! 

• IJ 

Specific gravity . 

2*992 


Thifi compound was discoTCFed by Sir H. Davy in 1811. He gave to it the name 
of iuehhrif&t and prepared it by tfe addition of hydrated hydrochloric acid (spirit of 
salt) to chlorate of potash. It is impossible, however, to generate hypoohlorous ^cid 
pure by this means. The method of obtaining it absolutely pure is as follows : — 
Chlorine being liberated in the flask A, is washed in the Woulfes bottle B, to effect 

the separation of hydro- 
chloric or sulphuric acid, 
and is then passed through 
fragments of chloride of cal- 
cium, contained in the U- 
tube ( 0 ), and finally through 
peroxide of mercury in the 
tube a b, where the hypo- 
chlorous acid is generated, 
and passing on is received 
in a TJ-tubo, maintained cool 
by a mixture of ice and salt. 
In order to avoid complica- 
tion in' the d&agram, one important partiediar has not been taken cognizance of: the 
tube aft should be maintained cool by a constant^' stream of cold watftr. It is well, 
therefore, to surround it with a metallic sheath after the manner of the Liebig 
distillatory apparatus, already described in ]|^iges 303, 304. 

Hypochlorous acid thus prepared is an orange-coloured volatile liquid, 
endowed with strong bleaching properties, and readily decomposable by the agency of 
suAicient heat, {t boils at a temperature of about 36’’ Fah. under the ordinary 
atmospheric pressure. Water dissolves about two hundred times its own volume of 
hypochlowtts acid, the colour of which it assumes, as also its bleaching properties. 

Aqumm Soluiim of MypoMmm Acid and ifo Ompounds. — If* a current of chlorine 
bo transmitted through a weak solution of an alkali or an alkaline earth, products, 
some of which are known in commerce as chlorides of the alkalies or earths, 

result. Thus we have the so-termed chloride of soda and of lime. They are not 
chlorides, however, but mixtures respectively of a chloride with a hypochlorite— that 
is to say, a direct union of chlorine with a base radical, and of hypochlorous acid 
with a base. Thus, for example, in the case of potash, through which a current of 
chlorine has been transmitted, the decomposition is of the following kind 





PREPARATION OF HYPOCHLORIC kClD. 


1 Potash i ^ Potaslium ~7l Chloride of potassiuni 

• (1 Oxygen y/ 


1 Chlorine- 
1 Chlorine - 
1 Potasl^ — 


aHyp^neaeia j i Hypochlorite of poteA 


Or in chemical symboi^c notation thus 

2KO + 2C1*= Kacio + m 

Theso alkaline and earthy mixtures of chlorides and hypochlorites constitute 
valuable bleaq^ing compound^ which are much employed in various arts. Their 
bleaching agent is hypochlorovs acid, which, however, does not admit of being 
liberated from them without 4*<^ompo8ition, and collected separately. Aqueous 
solution of hypochlorous acid may be procured by pouring into a large flask containing 
chlorine, a mixture of peroxide of mercury, and water, rubbed up into a thin paste. . The 
chlorine is immediately absorbed, and two distinct ^compounds result— oxychloride of 
mercury, which is insoluble in jyater, and hypochlorous acid, which is soluble in that 
liquid ; we have, therefore, ^ ready means of obtaining hypochlorous acid in aqueous 
solution. • 

(Monmi Aeid.-^Th.Q existence of this acid is well established ; but as it is not 
applied to any important use its full description may be omittcri. • 

EYFOCHLOBIC ACID. 

lliatory md Bymnynm, — ^This compound was discovered by Sir H. l)avy in I81d, 
and very shortly after by Count Stadion of Vieni^. It was originally called peroxide 
of chlorine, but is at this time more generally termed hypochloric acid, perhaps some- 
what incorrectly, inasmuch as its claims to acidity are by no, means well established. 

'Breparatwn, — If concentrated oil of vitriol be added to a few fragments of chlorate 
of potash, decomposition of the latter ensues, bisulphato sand perchlorate of potash 
remaining, and hypochloric acid, which is gaseous at ordinary temperatures and pressures, 
being evolved. It is possible to effect decomposition in a small retort by the aid of 
a water bath, and to collect the hypochloric acid evolved ; but I would by no means 
recommend the operator to be concerned inao dangerous an experiment. Hypoidiloric 
acid is very ex^osive, and its explosibn is attended with much danger. The operator, 
therefore, had better content himself with decomposing a few fragments of chlorate of 
potash in a test tube, by the addition to them of a few drops of strong oil of vitriol. I 
Hypochloric acid under ordinary atmosi>fieric pressures and temperatures is a niddy 
gas, of exceedingly irritating odour and explosive character. Subjected to the cold 
produced by a mixture of ice and common salt, it liquefles into an orange-coloured fluid, 
which boUs at about SG** Fah. ; and at a temperature considerably%hort of 212** Fah. . 
(the boiling point of water) it explodes. 

t 

CHLORIC ACID. 

Sistory^ SynmtymeSy and General Remarks, — ^The existence of this acid was first 
indicated by Hr. Chenevix ; but the credit of isolating it and obtaining it in a pure 
condition is due to H. Gkiy Lussac. The salts whioh it forms with bases are termed 
chlorates, but formerly hyper-oxy-muriates. The general similarity whioh obtains 
between chlorates, nitrates, iodates, and bromates, has already been adverted to. 

Pr<^ra^to».— -Chlorio acid is most conveniently pr^ared from chlorate of baryta. 




Pl^RPAltATtOl? OP CHLORIC AGIO. 

from which, on the addition of sttl^hnric iieid, all tlie baryta be separated in the 
condition of sulphate of baryta, leaving the unconibined chloric acid in solcition. 
Aqueous solution of chloric acid may be concentrated by simple heat until the acid 
acquires the consistence of a thin syrup ; if the heat be pushed beyond this point 
decomposition of the arid ensues. The results of decomposition arc chlorine, oxygen, 
and perchloric acid — that is to say, a portion of tho oxygen, instead of being liberated, 
combines withji portfon of chloric acid,<and rai&es it to the hi^ncriitate of oxygenation. 
Perchloric acid will be described hereafter. 

Properties, — ^I’ho most leading peculiarity of chloric acid and the chlorates is 
dependent on tho facility With which they evolve oxygen. In fhis reject the analogy 
between chloric, nitric, iodic, and bromic acids--chlorates, nitrates, iodates, and 
bromates—is perfect. • If pieces of paper be dipped i!#io strong chloric acid, and dried, 
they take fire ; if mixed with alcohol, the latter is converted into acetic acid : if 
sulphurous acid be traiismittcd through it, sulphuric acid is generated, and chlorine 
evolved. TSje most important salt of chloric acid is chlorate of potash, a substance 
which has\fi:equently come under our notice os a sourco^of oxygen. It remains now to 
state the process by which chlorates, combinations of 'ohlorio acid with bases, arc 
formed in practice. They may he formed by the direct addition of chloric acid to the 
required base ; hut it has already been stated that ohloric acid is obtained from a 
chlorate : hcncc £hc latter must^recedc the former in the routine of actual production. 

The great sources of chloric acid and the chlorates are strong alkaline solutions 
treated with shlorine ; of these, a strong solution of potash is of greatest importance, 
and, under the circumstances in^cated, the decomposition is as follows : — 

d* Potash f 5 Oxygen Chloric acid } ^ of potash 

1 5 Potassium 


1 Chlorine \ 

& Ghterine ^5 Chloride of potassiuth 

o 

Or in chemical symbolic notation thu9: — * 

6C1 + 6KO = f^Cl + K0.C105. 

From a stud^r of which it will bo seen that whciiisix equivalents of oLloiino react on 
six equivalents of potash, the results are one equivalent of chlorate of potash and five 
of chloride of potassium : of these products, tho chlorate of potash crystallizes at a less 
degree of concentration than tho latter, and thus an easy means is fumishod of 
separating the two. 

^ PEaciiLonic ACi]). 

History and iSlcnwal compound of chlbrine and oxygbn was dis- 

covered by Count Stadion of Viennaj who also determinod its composition to be seven 
equivalents of oxygen united with onn of chlorine. Pcrchldric acid is not only 
interesting on account of the large amount of Oxygen it contains, but it is very useful 
in the course^of analysis, as furnishing a good means of effecting the discrimination 
and separation of pot^ Thia is aocomplished by virtue of the remorkalfiy insoluble 
salt (perchlorate of poterii} which results from the combination of perchloric acid with 
tho aOtali m questiofi. 

Preparati 9 H.*^B^ distifliiig porohlmrate of potash at a temperature of About 284° 
Fah., and mixed with half its weight of auiphurio acid, diluted with about one^third of 
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water. Thus treated, VMte vapotirg arise from the retert ; and when oondeoMd in a 
reoeiwJT by the proper application of cold, they yield a solution of parchloide acid. 
Perchloric acid, notwithstanding the large amount of *oxygen it contains, is not easily 
decomposed. It maj^be concentrated by heat, until it acquires a density of l‘6d, and 
by mixture with strong sulphuric acid aifd distillation it may be even obtained in the 
condition of a solid. * • 

TerelUoratc of Q have already aaen that perohloriS acid is obtained by 

distilling perchlorate of potash with sulphuric acid ; in reality, therefore, the maniK 
faoture of perchlorate of potash must precede that of perchloric acid. 

Under the ilead of hjpochloric acid, otherwise denominated peroxide of chlorine, the 
reader has been informed thatVhen sulphuric acid is added to chlorate of potash, 
hypochloric acid is (prolvod, and^wo salts — ^peichlorate^of potash and bisulphate of 
potash— remain^ I have alsd stated (page 362) that perchlorate of potash is a very 
insoluble salt; it follows, therefore, that the perchlorate may be readily separated 
from the bisulphate by the process of washing ; suSh, indeed, is the method adopted. 

A Ycry natural question novi probably suggests itself to the experimentalist: — 
perohlorio aoid be obtained £eom perchlorate of potash, and if the lattibr be a collateral 
result of the preparation of AypoMricdtcid-^how, considoring the violently explosive 
qualities of ite latter, can perchlorate of potash be generated in any quantity with 
safety ? The best method of proceeding is as follows Pour the necbssaiy quantity of 
sulphuric acid into a flat porcelain dish^ and drop in the chlorate of potash, finely 
powdered, by small quantities at a time, having previously taken the , precaution 
affixing the sieve to the extremity of a long pole. In this way large quantities of 
perchlorato of petash may be made without danger. 

It is also possible to obtain peidilorate of potash in another manner; but Idle 
operation requires great attention, to seize the right instant at which to withdraw the 
source of heat When chlorate of potash is exposed to heat, we have already seen 
(page 283) that oxygon gas is evolved, and chloride ef* potassium is left behind. 
Notwithstanding t3iis*final rosult, a great quantity of the chlorate is converted inter- 
mediately into the perchlorate of potaeh, a ch^^o which may bo known to have 
happened by the contents of the distillatory '^sel acquiring a certain p|sty consistency, 
and the cessation, for a time, of the ddi'^ry of oxygen. If the Bourqp of beat be 
removed directfy, the change in question is noticed : a large quantity of perchlorate of 
potash may bo obtained from the saline contents of the flask or retort. Tho major 
portion of tho bisulphate of potash admjts of remoral by a small quantity of hot 
water, which may be so apportioned that very little of the persulphate of potash is 
acted upon. Final purification of tho peroliiorate maybe effected by *dissolving the 
whole solid remnant in a sufficient quantity of boiling water, and allowing the solution 
to cool. During the cooling process the perchlorate of potash crystallizes, on account < i 
of its insolubility, and the bisulphate remains in solution. , 

Combinations *of Chlorine with Shlphnr.— Tho union of chloiinc with 
sulphur may be readily accomplished, giving rise to several chlorides ; of these, two— 
the protochloride and the dichloride >--have been especially studied. Their respective . 

compositions are as follow : — i 

Chlorine. Sulphur. 

Protochloride of sulphur .... 1 1 

Dichloride of sulphur 1 2 

Both these ave generated by bringing heated sulphur into eoataet with free ehloriae. 
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EXPLOSIVE PKOPEBTXES OF TERCHLOBIDE OF MITROOEX. 


If chlorine be in excess, the pro^hloride results ; if sulphur, the result is the dichloride. 
None of these chlorides of sulphur are of sufficient importance to warrant farther 
description. ‘ 

CHLORINE WITH NITROOEN. 

Only one combination of chlorine with nitrogen is known. Its composition is indi- 
cated by the formula NCI 3 ; it may, therefore, be denominated t^hloride of nitrogen. 

mi Ometral Terchloride of nitrogen '*'wai^ discovered by M. 

Bulong in 1811, and possesses interest on account of the extreme violence of its ex- 
plosive properties. In point of fact, it is the most dangeroud^ explosive compound 
known to chemists. 

Preparation , — ^Terchloride of nitrogen is generated by the mutual action of chlorine 
on a solution of ammoniacal<sBlt. For this purpo^, a solution, of hydroddorate of 
ammonia (chloride of ammonium, or sal-ammoniac) is generally employed, and tho 
safest plan of generating the dangerous compound is as follows : — 

Take a jhece of sheet-lead, about fourteen inches square ; bend up its edges so as to 
form a shallow dish capable of holding about a quart of' strong solution of sal-ammo- 
niac, heatbd to about 60° Fah. Before the dish is used, f it should be moistened with 
strong oil of vitriol, and made hot over a few pieces of burning charcoal ; then it 
diould be well wadied with distilled water, but not wiped, nor should it be touched 
internally either by the ^and or ony other body ; finally an absolutely clean glass jar, 
containing chlorine gas, should be inverted in the leaden dish containing the solution 
of ammoniacaL salt, and the whole allowed to stand at rest until the formation of oily- 
looking globules are observed. These globules are the dangerous tcrchloride of 
nitrogen, which are heavier than the generating solution, and will consequently 
sink down on the leaden plate, where they had better be allowed to remain. Direc- 
tions are given in some books for effecting ^eir removal by means of a glass syringe 
having a narrow beak. The operator had far better leave this untried, and content 
himself with exploding the^ terchloride in the leaden dish whilst still surrounded with 
liquid. For this purpose, he removes the glass receiver carefully, places the. dish at a 
respectful distance from his person, and touches the globules of terchloride with the 
oiled extremity cf R long stidc. Violent eiralosion is tho result of this treatment, and 
the leaden dieh, if not broken, will be considerably ^wisted and distorted. Terchloride of 
nitrogen immediately explodes on being brought into contact with fixea oils, and the 
general run of substances to which the term dirt may be applied ; hence the necessity 
of scrupulously cleansing the glass jar used hi its preparation. It is not exploded, how- 
ever, by contact with oil of vitriol ; and since hot oil of vitriol destroys fixed oils, 
the rationale of our lead-cleansing operation wUl bo obvious. 


BROMINE. 


Atomic weight 
Atomic vedume 



Mietorp, Etymology, and General BemarA^s.— Bromine was discovered in 1826 by 
H. Balard in sea-water from which common salt had been deposited by evaporation. 
It is very similar in properties and general relations to chlorine ; than wUch, however, 
it is less energetic, and consequently may be duq»laced from its combinations by that 
element. Bromine, under ordinary atmospheric pressures and temperatures, is a ruddy^ 
thick liquid. At a temperature of about 63” Fah. it boils, and when cooled down to 
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— 68'* Fah. it freezes. The appellation bromine is derived Bp&fioSf ffravtobniia, 
because of its strong disagreeable odour. 

I^eparation.-^lt has been already mentioned that Jiromine was obtained from sea* 
water from whieh common salt had been separated. The state of its existence in this 
liquid is in combination with sodium, maj^esium, and some other bodies, constituting 
various bromides. From these bromides, bromine is immediately obtained by an 
operation precisely similar in its character to that followed preparation of 

chlorine, namely, dlBtiuhtion in contdbt with* peroxide of manganese •and sulphuric 
acid. 


BBOXINE WITH UYDBOOEN (hTDHOBBOMIC ACIO). 


• 

Atomic weigh^ 

81 

Afomic volume 

• • -1 1 1 

Specific gravity 

. 2-73 


General Remarks. — The ^onlj- known compound of bromine and hydrogen 
is {he product of the union of one atom of each, termed hydrdbromic acid ; it 
is the exact analogue of Sydrochlorip acid, being, like this, a compound of one 
atom of each constituent, having the same atomic volume, and possessing the same 
general relations. 

Preparation . — Inasmuch as hydrobromic acid is the analogue of hydrochloric acid, 
theory suggests that the same general scheme of treatment should sufBlc^for the gene- 
ration of both ; practically, however, this is not quite the case, for altiiough hydro- 
bromic acid may be generated by heating a mixture of bromide of potassium and oil 
of vitriol, yet the result is never pure, being contaminated with water and sulphurous 
acid, as is illustrated by the appended diagram. 

Hydrobromic a.id j • 

Sulphuric acid { ^^^fSo^acid' 

Or, in chemical symbols, thus — * 

HBr + S?), = SOj + HO + Br. 


] 


Water 


That is to say, no sooner is the bromide of potassium decomposed, and its hydrobromic 
acid liberated, than a portion of sulphuric acid still continuing to react, decomposes a 
portion of the hydrobromic acid, its hydrogen combining with oxygen oi^sulphuric acid 
to form water, and its bromine being set free. • 

Pure hydrobromic acid, however, may bo obtained by decoitposing bromide of 
phosphorus in contact with a little water. Tho reaction is represented in the sub- 
joined diagram • 

{ Bromine 7 Hydrobromic acid 

Phosphoi 


Bromide of phosphorus 


Water 



Or by chemical symbolic notation as follows 

PhBfa + 3HO = PhO^ -f- 3HBr. 


Phosphorous acid 




COMBINATIONS OF BBOMINE WITH OXYGEN. 


The geneiration of the neeeesarj hiromide of phosphorus aud the production of 
hydrobromic acid are usually effected by one 
(q?eration, as follows : — 

A glass tube moderately thin, and having an tV / 7^ \ 

internal diameter of about ^If an inch, is bent, as ^ IhI \ 

represented in the anndked cut. To one extremity \\ / \ n 

is attached a plain co||^, to the other a perforated ^ 

ooik, with small glass tubo attached. Ai^allpi^e i 

of phosphorus is first dropped into the bend and some fragments of glass moistened 
with water are added in sufficient quantity to rise some distance up into tho terminal 
log of tho glass tube. Bromine being now poured into tho bend b, tlio cork at a is 
replaced. By the preceding arrangement wo obtain a distillatory vessel of such kind 
that all volatile products must necessarily pcrmeatc‘''thc moistered glass before they 
can escape. If, then, heat bo cautiously applied to the angle b, bromine will be 
volatilized, and coming into content with phosphorus, will be immediately converted 
into bromide of phosphorus ; hut no sooner is the bromide of phosphorus generated 
than passjing through tho moistened glass it is decomposed, as represented in <our 
preceding diagram, into phosphorous acid and hydrobromic’ acid ; of these the former is 
at once dissolved and retained by the aqueous moisture, allowing the hydrobromic acid 
to make its cscapq. It may cither bo collected over mercury or by displacement. 

Properties . — Hydrobromic acid is, under common temperatures and pressures, a 
colomless irritating gas, which fumes in the air like hydrochloric acid gas, and for the 
same reason. ‘ Chlorine immediately decomposes it with the formation of hydrochloric 
acid and the liberation of bromine ; but if an excess of cblorino be employed, it unites 
with the liberated bromine, chloride (ff bromine being then the result. 

Combinations of Bromine with Oxygen.— Whether there be more than one 
compound of oxygen and bromine is not well determined ; but the only compound of 
these elements meriting our attention is tho bromic, acid. 

Preparation.^-'^TomiQ acid is prepared from bromato of potash by a precisely 
similar treatment to that employed in the preparation of chloric acid from chlorate of 
potash, and the latter salt is generated by a process exactly like that followed in the 
generation of chlorate of potash, only subs^tuting bromine for chlorine. Bromic acid 
js the analogue, both as regards composition aiyl chemical proportiep, to tho nitric, 
chloric, and iodic acids. Like these, each equivalent or atom contains five equivalents 
or atoms of oxygen ; and its salts, like those of tho other acids in this group, defiagrate 
when brought into contact with red-hot cha^'oal. 


Atomic weight 127'1 

Atomic or combining volume . . . | | 

Specific gravity of solfd iodine -- 4^5 

Specific gravity of iodine vapour = 8*716 

JTwfory, Etymology, and General Iodine was discovered in the year 1812, 

by M. Courtois, a sedtpefre manufacturer ; but M. Gay Lussac and Sir H. Davy were 
the first to study its properties intimately, and to refer it to the proper plaee in the 
list of chemical bodies. 
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Iodine, at ordinaqr tenipei;atures and presawa, as a dark coloured solid of metalHc 
crystallme aspect, not ifnlilce black-lead in general appearance. It foBea at 223° Fah., 
and l^oils at 347° Fah. Its vapour possesees a beautiful violet tint, from which 
characteristic the appellation iodine ia derived Cli43i}s, wolei-colourtd). The general 
similarity of iodine toechlorine and bromine, haa already been remarked at pages 48-50. 

Freparation . — Iodine is prepared fronf the iodide of sodium, •potassium, or magnos* 
Slum, in like manner aif chlorine is prepared from coiresponding^cblorides of the same 
metals ; in other w(|'d#,* by subjecting a mixture of the iodiSo wit];! peroxide of 
manganese and sulphuric acid to distillation. Xiorge quantities of iodine have been 
made commercially for many yeovs post : the source of the iodides subjected to decom- 
position is th^ lixiviated fluid of burnt sea- weeds, from which all the carbonate 
of soda has been extracted by* evaporation. Fonueiiy, all the cmhonate of soda 
(common sodaj of commerce waas obtained either from ^the lixiviated ashes of the 
salsola soda (barilla ^ant), ot from the lixiviated ashes of 8ca-^weeds ; at present, 
however, it is more economically prepared by decomposition of sea-salt: never- 
theloss, sea- weeds continue to be burned, and their ashes lixiviated foFthe iodine 
which they yield. 

frepertiea ^ — In addition tc^ the properties of iodine already enumerated, there is a 
very important chemical characteristic d>y which it may be distinguished from all 
other substances : it colours starch blue. The test is very delicate, provided the 
necessary precautions be taken. The iodine must be i^cc — ^tba*t is to say, it must not 
be in tbc state of iodide, iodatc, or any other compound form; and the solution 
containing it must be neither hot nor alkaline. lodino is but slightly soluble in water, 
about one part in 7,000 ; nevertheless, the aqueous solution acquires a brown tint, and 
the characteristic smell and taste of iodine. It* copiously dissolves in an aqueous 
solution of iodates and iodides, also in alcohol and ether. 


lODTKE WITH IIVUBOGKN (hYUHIODIC Aeio). 


.4Ltowc weight 

• 

128-1 

Volume . • , 

• 

• QJ 

Specific gravity . 

. 

4-443 


* The only kiftwn compoimd of i^ino with hydrogen is hydriodic acid, the ana- 
logue of hydrobromic and hydrochloric acids ; consisting of one atom or equivalent 
of each of tbc elements, having the sanm atomic volume, and general obfin»V.tt1 
rolations. 

Fireparation. — Ilydriodic, like hydrobromic acid, does not admit of preparation by 
application of heat to a mixture of iodide of potassium and sulphuiic acid : because, 
under these circumstances, the generated hydriodic acid is immediately decomposed, 
in accordance with the following scheme, oxprcsjsed by a diagram, and in Chemical 
bj.Tnbols:— * * 

Hydriodic acid , 

(Hydrogen 

Sulphuric acidj 

HI + SOj s: SO3 + HO + J. 
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; It is prepared by decomposing iodide of potassium, by contact with a small quantity of 
water, in a small tube retort, as here represented. 

Alternate layers of broken glass, moistened with 
water, iodine, and phosphorus, \)eing passed into 
a tube of this kind, and heat being applied, de- 
composition ensues; iodide of phosphorus is no 
sooner formed, than x&eeting with water it decom- 
poses the latter, hySriodic and phosphorous acid 
resulting. Of these, the latter remains dissolved 
in the water, whilst hydrlodic acid passes over, and may be collected over mercury, or 
by displacement. * s.. 

Properties . — ^Hydriodic acid as thus generated irf a pure state is a colourless pun- 
gent gas, readily dissolved by water, and decompose&with cxtrei^^ie facility by chlorine^ 
bromine, and even by the prolonged agency of atmospheric air. 

Solution of Sydriodie Acid . — It is frequently necessary in practice to prepare an 
aqueous solution of hydriodic acii^. This maybe readily accomplished by transmitting 
a current of hy^osulphuric acid gas through iodine held in suspension by water. ,The 
decomposition is very simple : the hydrogen of the hydrpsulphuric acid combines with 
iodine, and forms hydriodic acid, which is immediately dissolved in water, sulphur 
being simultaneously deposited. When no further iodine remains imcombined, the 
solution must be filtered to efie^.t the removal of sulphur precipitated. 

Combinations of Iodine with Oxygen. — Oxygen and iodine are known to 
unite in three proportions, as follow : — 


(1) Hypoiodic acid 

. 10, 

(2) Iodic acid ** . 

. 10, 

(3) Periodic acid . 

. 10, 


Iodic Acid . — ^The various operations already described as being necessary for manu- 
fseturing chloric acid, will yield iodic acid if wc substitute iodine for chlorine. These 
operation arc — (1) The generation of iodate of potash ; (2) the 'decomposition of iodatc 
of potash by chloride of baiium, alid^the formation of iodate of baryta ; (3) the decom- 
position of iodgite of baryta by sulphuric ^cid cautiously added. These operations arc 
of interest,^ tending to prove a genei^ similarity of relations between iodic and 
chloric aci^ ; but if iodic acid in considerable {Quantities be required*, the following 
more eligible process should bo adopted .-—Weigh out equal portions of iodine and 
chlorate of potash ; mix them in a flask wijfli five parts, by weight, of water, to which 
some drops pf nitric acid have been added. On the application of heat to this mixture, 
chlorine is ^engaged, and the iodine is converted into iodic acid. The decomposition 
il as follows:— The nitric acid begins by decomposing a proportionate quantity of 
chlorate of potasS, nitrate of potash being generated and chloric acid liberated ; but it 
is no sooner liberated than in its turn decomposed, yielding up its oxygen to a portion 
of iodine, forming iodic acid, and liberating chlorine. The iodic acid thus generated, 
acts like the nitric acid formerly added, decomposing a fresh portion of chlorate ; and 
thus the decomposition of chlorate of potash proceeds until none remains. Finally, the 
whole of the potash originally contained in the chlorate is converted into iodate of potash, 
which may 1^ crystallized by evaporation. 

Periodic Add . — ^This compound being of inferior interest need not occupy our 
attention. 
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IODINE WITH NITIIOOEN. 

There is only one known combination of iodine andintrogen ; it is the teriodide, and 
is, therefore, represczfted by the formula NIa. 

Preparation . — By pouring aqueous soltttion of ammonia (hartshoi^i, or liquor ammo- 
nim) on iodine, allowiit^ the mixture to stand at rest for about twp hours, then filtering 
off the liquid, and coifeefting the solid rasult, wjhich is the teriodide, on several pieces 
of filtering-paper, tal^g care that no one portion be larger than the dimensions of a 
small pea. This latter precaution is rendered necessary by the extraordinary explosive 
quality of the gampounfi in question, which is perhaps the most readily explosive com- 
pound known to chemists, althoiigh its explosion is not attended with much danger. 

'W’hen dry, the teriodide of nitrogen cannot be touched without explosion. Even 
the soft part of a feather suffices, or the act of throwing it upon the surface of water. 

Combinations of Iodine, with Snlphiar, and Chlorine.-— There are pro- 
bably several of these compounds ; none of them IflEive been much studied, and they 
arc ^1 of inferior importance. 


Equivalent, or atomicf*weight 
Equivalent, or atomic volume 


= 18*9 


I General Rmnarhe. — The somewhat common mineral, termed fiuor ^spar,. is the 
I result of a binary union between the metal calcium and the non-metallic, simple body 
fluorine. Of fluorine in the uncombined state, little is known, in consequence of 
the difficulty of providing vessels capable of retaining it. Not only docs it dissolve 
glass with facility, but all the known metals ; in point of fact, the only material capable 
of withstanding its solvent agency is fluor spar (fluoride of cidcium}, a material already 
so fully saturated with fluorine, that it cannot appropriate niore. Accordingly, it may 
be generated by acting»upon fluoride of silver by means of chlorine, in a vessel of fluor 
spar, when it is liberated under the cqndition of a transparent colourless gas, similar 
apparently, in its general relations to chlorine. * 

(JOMPdOND OF FLUOIUNB WfTH HYDEOOEN— (HYDEOPLUORIC Acfb). 

Equivalent or atomic weight = 

Equivalent or atomic f’olume =: P 

Specific gravity of liquid qpid 1*06 

General PemarAs^-Fluorinc and hydrogen are only known to uEite in one propor- 
tion, constituting hydrofluoric acid, the exact analogue of hydrochloric, hydrobromic, 
and hydiiodic acids. tSo long as the theorj^of Lavoisier, which assumed ‘that the 
acidifying principle of all acids was oxygen, continued to be adopted, the compound 
under consideration was denominated fluoric acid, and that which we now term fluoride 
of calcium (fluor or Derbyshire spar) was denominated of lime. 

Preparation . — Anhydrous hydrofluoric acid must be prepared in vessels of load or 
platinum : the former is usually employed fh)m motives of economy. When liberated 
under ordinary atmospheric temperaturmi and pressures, hydrofluoric acid is gaseous ; 
but by the application of a temperature of 32'' Fah. (melting ice) it may bo condensed '] 
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£T€H£XG UPON GLASS. 


into a fluid. It frequently happens that hydrofluoric acid in the gaseous state is 
required, and for purposes not involving the collection of the gas. When this is the 
case the necessary apparatus is Vory simple, nothing more elaborate than a dish of lead 
or platinum being requisite. The preparation is thus conduQted :~rinely povrder 
some fluorspar, thi^ow jit into the leaden or platinum dish; pour upon it enou^ of 
oonoentcoted oil of vi^i^iol to form a Ihin paste, stir with a Icadin rod, and apply heat 
Gaseous hydrofluoiio acid will be expelled. » This form c]|?.eration enables the 
chemist to eng^ve, or rather eteh, upon glass, and thus to render himself independent 
of the pbdloBophical instrument-maker in the graduation of hk. tubes and other g^ass 
instruments The operation of etdiing upon gloss k the precke couatq'^art of etching 
on copper or steel, with the exception that hydrofluoric acid is used instead of nitric, 
and is used flrequently^ but not always, in the gai^us condition. The operation is 
commenced by smearing tbs glass surface to be operated upon Evenly with a resinous 
compound known as etduiig-ground, or even common wax will do for small 02)crations 
Upon thk nrfacc of etching-grotuid or wax the hydrofluoric acitl exerts hut little 
action, though it readily corrodes glass ; if, therefore, resinous or waxy coating ho 
removed, the nature of the result will be obviou.s. The advantage of gaseous over 
liquid hydrofluoric acid for this operation js, that it effects an opaque corrosion, 
whereas the corroded surface produced by the latter is more transparent. When the 
piece of glass to be etched is flat, nothing mote is required than to rest it on tlic basin, 
the surface to he engraved of course looking downwards j but if the glass be tubular, 
it must'be suspended from a leaden cover by means of a wire, or strip of that metal. 

Liquid Hydroflmne Add^Ver tiio preparation of this a somewhat more complex 
apparatus is necessary; a leaden i;etort and tubular receiver, as represented in the 

accompanying diagram. The retort k made in 
^ two halves, of which tho upper half fits into the 

■ hwer by grinding, and tlie tube receiver is con- 

B M uected to the beak of the retort in a similar 

fl ■ manner. The extremity cf£ the tubular receiver 

■ I * is perforated, with a little hole to permit the 

B I esca^ of tho atmospheric air contained in the 

rctoni and any small amount of hydrofluoric 
acid which itay escape condensatioCi. The tubular 
form of receiver is convenient for enabling it to be immersed in icc or snow, or, still 
better, a mixture of pounded ice or snow ai^d common salt. 

The theory ox^ the decomposition is precisely analogous to that involved in tin? 
preparation (tc hydrochloric acid, and is, consequently, as follows:— 

Fluoride .f (Floormc ^HydroHuoric acid. 

. (Oddum 

oilofviwoi 

tohydrate of su]--[ ^ Lime) 

phuric acid) ( sulphuric acid V Sulphate of lime. 

Or thus CaFl -i- SO3 HO x= CaOSO^ + HI’l. 

Operations with liqiud hydrofluiorie acid shenld he oondueted with great Oftre, as its 
action k most energetic on animal tksues, the smallest dnip allowed to fall upon tho 


’ Hydrogen^X 


' Sulphate of lime. 


Or thus 
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skin causing a dangerous bum, accompanied wilik extroine padn ttUd isdain-* 

mation. * 

PHOdPHOETJS. 


j Equivalent or atomic weight . . . 

j Specific gravity of flolid«phosphoru3 . = 1^7 7 

j SpeciAo gravity of phosphorus vapour = 4*3!i6 

Siaeorp ^as disco vered by dhUidt„a Hamburgh 

chemist, in tiiic ycair 1669 ; btit he kept his operatiCn secret. Kunckel rc-discovered 
it some days subsequently ; but Gahn and Scheele, about 1769, were the first to 
produce it in lal{;e quantities. The great storehouse of all the elementary bodies we 
have hitherto diseoteiud has becS. the mineral kingdom ; but phosphorus is found in 
that division of nature^ety sparing^, the great source of tts preparation being bones 
and animal fluids. Phosphorus may be obtained in the three physical conditions of 
solid, liquid, and gas ; moreover, its solid form i|| subject to a curious allotropic 
I variation, in which its physical, and many of its ordinary, chemical quidlti^S arc 
! grcatty modified. In this respect it resembles sulphur, tho allotropic, modification of 
I which has already been treated of. 

i ‘Phosphorus is at this thftc prepared in large quaniitiCS for the purpose 

I of manufactUTing lucifer matches ; and the source from which^it is oJ)tained Is boncs> 

I the solid portion of which, remaining after the prolongcil operation of fire, atmospheric 
I air being freely* admitted, is, for the most part, basic, or Superphosphate of lime—in 
I other words, lime combined with an excess of phosphoric acid ; the other solid con- 
stituent of hone earth (the term given to calcined hones) is carbonate of lime. 

; When this mixture of carbonate and superphosphate of lime is digested with oil of 
! vitriol, decomposition ensues ; the caibonate of lime is totally decomposed, sulphate of 
lime being formed, and carbonic acid expelled'; tho euperphosphate of lime is, how- 
ever, not decomposed entirely, sulphuric acid only combining' with one portion of its 
lime; hence, instead of ^ tho superphosphate being converteS into Sulphate, tho final 
! result of its decomposition is sudpkosphaU of Other wordsj lime in combination 

with a diminished quantity of sulphuric acid. IS wc knew the eximt pi'oportions of 
sulphuric acid and lime, we might at oUco designate it by some definiliC ijhemioal term ; 
but, seeing that dn not, the term suhghosphate'bf lime may be retained withadvantage. 

Of tile two compounds formed, the eruperphosphato of lime is albUe sduhlc in water ; 
it may be separated, therefore, by mere decantation. The superphosphate of lime 
being now evaporated to a syrupy cOnsistetioe, powdered charooal is intimately incor- 
porated with it, and the mass completely dried; it is next paohed into ^farthenwarc 
retorts; and distilled by strong fiamace^hcat, When phosphoms comes over^ and must 
be collected under water. 

As regards the theory of the Operation, it is as follows The Superphosphate of 
lime, on being exposed to violent heat in contact with eharcoal) is decomposed into 
basic, or subphosphatc of lime— which fmdergefts no forther change— and pho^horio 
acid, which latter the ohareoal decomposes, abstracting its oxygen, and liborating 
j phosphorus, in accordance with the following diagram 


Phosphoric acid | 

Charcoal 

(ctfrbon) 


Phosphorus 


s oxide. 
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Or, in chemical aymbolio notation, thus — 

PhOS + SO = Ph + SCO. 

The phosphorus thus liberated is contaminated with maoji' impurities; firom a 
considerable portion of these it may be freed by straining, under hot water, through 
chamois leather ; butrits complete purity can only be insured b^ a second distillation. 

IHperties.^ThoiphoTUB, in its ordinary soKd condition, aOsubstance haying the 
consistence of wax, almost colourless, and somewhat transparent when pure. It 
readily, however, acquires a tawny colour, and becomes coated with a fawn-coloured 
incrustation. This ^ange is partly due to ozydation, and partly to th^s assumption of 
a peculiar molecular condition ; for the fact is well established that phosphorus, if 
confined in vacuo, be exposed to light for sufficieift time, it wijl become more or less 
coloured. Hence bottles, or other vessels containing it, should always be kept in a 
dark place, or be rendered opaque by pasting strips of paper, or other opaque material, 
aroimd thefh. Phosphorus melts at about 111'' Fah., boils at about 557% and takes fire 
in an atoosphere of air or oxygen at about 140^ Fah: Even when exposed to the air at 
ordinary temperatures, phosphorus undergoes a kind of slow combustion, evolving 
fumes which are luminous in the dark. Ouriously enough, although ignited phos- 
phorus burns in oxygen gas with great vigour, its slow combustion when enveloped 
in that medium Jloes not ensue /it temperatures less than 69" or 70" Fah. Phosphorus, 
as ordinarily procured by the process already indicated, is totally amor]^ous, or devoid 
of crystalliiks structure ; it may be obtained in crystals, nevertheless, from certain 
solutions, of which the solution of phosphorus in bisulphuret of carbon is best. When 
this solution slowly evaporates, phosphorus is deposited in the form of rhombic 
dodecahedrons. 

The AUotrt^ie Condition of Thosphorw , — ^Under the head of sulphur, the allotropic 
condition of that* body produced by throwing it, when fused at a certain temperature, 
intooold water, has been Mentioned. If absolutely pure phosphorus be treated in the 
same way, a corresponding allotropic product is the result ; out the operation is so 
much more difficult than with sulphur, that, practically, the method in question is 
ineligible. Tl|e most convenient method, of generating allotropic or amorphous phos- 
phords, con/lists in exposing common pHtosphorus to a long-continued heat, of about 
450" or 460" Fah., in a retort filled with some gas hot capable of suppor&ng combustion ; 
for this purpose ordinary coal gas answers perfectly well. Thus treated, a portion of 
the phosphorus used distils over, but another portion is converted into a brick-red 
powder, and remains, in the retort ; it is allotropic or amorphous phosphorus, contami- 
nated, however, with a little ordinary phosphorus, from which it may be separated by 
tlie solvent agency of bisulphuret of carbon, in which fluid the allotropic variety of 
phosphorus is insoluble. Allotropic phosphorus is generated in small quantities on 
sticks of ordinary phosphorus which have been for some time exposed to the air ; 
formerly, the result was mistaken for tin oxide of phosphorus there is, however, no 
oxygen in its composition. Allotropic phosphorus differs from the ordinary mate- 
rial in several important chemical physiological and physical appearances. It is not 
soluble in sulphuret of carbon, as we have already seen ; neither does it fuse under a 
temperature of 482** Fah., whilst ordinary phosphorus fuses at 79" Fah. At the tem- 
perature of 600" Fah, it re-passes to the condition of ordinary phoq^horus. Ordinary 
phosphorus possesses a remarkable odour, whereas the allo^pio variety is quite 
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inodorous. Ordinary aphosphorus shines in atmospheric air at lov temperatores ; 
but allotropic phosphorus only acquires luminosity at the temperature of 392** Fah. 
and Upwards. But perhaps the most remarkablie evidence of the distinction 
between allotropic a^d ordinary phosphorus is of a physiological kind. Ordinary 
phosphorus is poisonous; hence the process of manufacturing tl^ose Yarieties of lucifer 
matches which contaiiwit is very dangerous. Not only does it^prove detrimental to 
the system when svKllpjred, but whe^ its vapour is absorbed Ihrough the skin, or 
taken into the lungs.* The characteristic symptom of slow poisoning by*pho^horus is 
necrosis, or destruction, of the maxiUary bones. People who suffer from carious teeth 
are particularl^^able to suffer from this cause ; and, consequently, in the French and 
German manumetories of lucifea matches, where common phosphorus is used, people 
with unsound teeth are not aUo^^d to be engaged. Allotropic phosphorus is totally 
devoid of these poisiftious qualities ; it scorns to be altogether innocuous : hence, 
abroad, it has to a great extent supplanted ordinary phosphorus in the manufacture of 
lucifer matches. In England, we do not seem tcFhave been successful to an equal 
degree ; English lucifer matches, for the most part, being manufactured with ordinary 
pholphorus. 

Combinations of Phobphoras with Onygon,— The existence of four com- 
pounds of phosphorus with oxygen is wAl established. They are as follow : — 

(1) Oxide of phosphorus . . . Exqct com^ositioif unknown 

(2) Phosphorous acid . . PO^ 

(3) Hypophosphorous acid . . . PO3 

(4) Phosphoric acid . . . . PO 

Of these, the three acid combinations demand our*cxtended notice, and more especially 
phosphoric acid. 

PHOSPHORIC ACID. 

Atomic or equiyalent weight . . 72 

When phosphorus .is burned in dry atmospheric air or oxygen gas, the vessel in 
which combustion takes place is dimmed with a ^hite snowy powder, which collects 
about its sides ; this white compound is anhydrdus phosphoric acid. This compound 
is so exceedingly attractive of water that iycombines with that fluid tapidly, imd can 
never again bg freed from one por|ien (an equivalent) of the water by any known 
process. 

Although the hydrates (there are several) of phosphoric acid may be generated by 
dissolving the anhydrous acid in water, afid subsequently applying heat and effecting 
evaporation to the necessary degree, this is not the best method in practice. The 
hydrates of phosphoric acid can be generated* with more facility by boiling phosphorus 
and nitric acid together, in a tubulated retort, into the tubulure ofewhich the unde- 
composed nitric acid is returned as often as it comes over. 

^e operation of fpplying heat and retur^g the undeoomposed acid which comes 
over should be repeated until the whole of the phosphorus has disappeared. This 
point having been reached, the application of heat should be continued until the liquid 
acquires a syrupy consistence ; when this change has ensued, the operation cannot bo 
pushed any further in a glass vessel ; all further concentration must be effected in a 
platinum dirii. The hydrate of phosphoric acid having been transferred to a vessel of 
this kind is to be heated to fusion, by which means all the water, save one equivalent, 
is driven off, and the monohydrate of phoq>horic acid results ; it contains 11*2 per cent. 
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of watei>T-t^iat is to say, one equivalent. We have not hithortp had occasion to devote 
much attention to the hydrates of acids ; but the hydrates of phosphoric acid involve 
an eaceeding^ly curious philosophical point which will require notice in detail ; each 
has sufficient permanenoe of composition to give rise to a fpccifio class of salts. 
Sulphuric and nitric^ acids form, as we haire socn, many definite combinations with 
water — ^real hydrate^^ in point of fact ; but so little does the amount of water in 
combination alter thr primmy function of the acids in questip^n, /hat the results of the 
combinatioin .6£ the acid of these hydrates with bases is in all cases the same. With 
the hydrates of phosphoric acid the result is different, as wo shall presently see. The 
vitreous mass resulting from the treatment of phosphorus with nitriq acid is a mono- 
hydrate of phosphoric acid, as 1 have already remarked — ^that is to say, it is a com- 
pound of one equivalent of phosphoric and one of w^ter : hence its composition admits 
of being thus indicated, PhO^ -j- HO. If this hydrate be mixed irith a weight of water 
exactly equal to tho quantity it has already, a second definite crystalline compound, 
bihydrate atpliosphoric acid, results ; its formula is, therefore, PhOg -f 2HO. Finally, 
if the vitreous monohydrate of phosphoric acid be mixed with a quantity of water 
double in amount to that which it already contains, a crystallized trihydrate of 
phosphoric acid results, being indicated by the formula PfiOg -4- 3110. 

Consequently we have demonstrated existence of three hydrates of phosphodc 
acid. They are as follo'.v : — 

(1) . Monohydrato of pliosphoric acid . . PJIOg + HO 

(2) .^ Bihydrate of phosphoric acid . . PHO5 + 2H0 

(3) . Trihydrato of phosphoric acid ^ . PHOg + 8H0 

It is most accordant with what w*e know of these hydrates to regard tho water as 
acting the part of a base j hcncc, instead of the expression, hydrate of phosphoric acid, 
wc might say, perhaps with more propriety, phMphatc of waCer, an expression which is 
indeed employed by some chemists. The preceding view is so far justified that tho water 
may be replaced, wholly or fn part, by recognized basic substances. Thus, there are three 
well known phosphates of soda : of these, the common phosphate of soda of the shops 
contains for each equivalent twenty-ffere eqwvalents of water. When the salt is gently 
heated, twenty-four equivalents of water 3j<»dily fly off; hut the remaining equivalent 
lingertf^with^somc pertinacity, thereby shewing that it is in a different state of com- 
bination to the twenty-four equivalents ; by increasing the heat, however, it may also 
be expelled, leaving an anhydrous salt contoining two equivalents of soda and one of 
phosphoric acid. The salt thus produced* is denominated the bihasic variety of 
phosphoric ac^d, in contradistinction to the phosphoric acid in the ordinary phosphate 
of Boda^ which is termed the trihasic variety. A comparison of the formulm ju^cativc 
of {hese substance^will explain the nature of tho distinction. 

Ease. 

Common or tribaaic phosphate df ) Soda, Water. Vhosphorie q(*U 1. 

soda, containing common orv 2 1 + 1 

• trfbasic phosphoric acid ) 

^ 

Bibasic phosphato of soda con- ^ BoUa. Water. ^Phosphoric acid, 

taining Mbasftc phosphoric > 2 -jr i 

acid ) 
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Thus we have already two phosphates of soda, corresponding respectively with two 
of the three hydrates of phosphoric acid. There is also a third, or monobasic phos- 
phattf of soda. It is composed as follows : — ^ 

Base. 

l\fonobasic jihosphate of soda Y Soda. Water. ^Phosphoric acid, 
oontainingmonobasiephos- [-1+0 + 1 

plioric ^ * 

t 

And, of course, corresponds with the monohydrato of phosphoric acid already 
treated of. Frequently other appellations, than those already mentioned arc giveii to 
the three vaifbties of phosphoric acid. Ordinary or tribasic phosphoric acid is 
simply termed phosphoric acid; the hibasic variety is called pt/rophosphoric acid; and 
the monobasic variety mctaphospfl^ric acid. These acids, Avhether existing as hydrates, 
or in the condition of soluble salts, may he readily discriminated by their effects on 
soluble silver salts ; the common, or tribasic variety of phosphoric acid, yields, witli a 
soluble salt of silver — the nitrate, for instance — a yellow precipitate ; the Ribasic modi- 
lloation (pyrophosjjhoric acid), % white precipitate ; the monobasic modification (meta- 
phosphoric acid), a precipitate not only white hut gelatinous. Solutions of mataphos- 
phoric acid also have the property of coagulating albumen, whereas the others havo not. 

VHOSPHOKOtTS ACID. ^ 

E(pii valent, or atomic weight . . oG 

General When phosiihorus is burned in oxygen gas or atmospheric air 

at ordinary pressures, phosphoric acid is the sole result, as we have already determined- 
If, however, a piooo of lighted phosphorus be placed in a small dish under the receiver 
of an air^-pump, and partial exhaustion bo effected, phosphoorous acid is the result. This 
process is so inconvenient, that it cannot be resorted to when large quantities of phos- 
l)horous acid arc required ; but it suggestive of the meansf to bo adopted for producing 
this substance. * 

rreparation.—iy). If phosphorus actually lifted generate phosphoric acid, when 
suiToundcd by attenuated air, it does not |eem unreasonable to anticipate that phos- 
phorus not actually ignited, but undergoingfits usual change of slow ^mbustioa when 
surrounded wfth air of ordinaiy dAisity, should also generate the same substance. 
Accordingly we find that iarg(; quantities of phosphorons acid may be generated by 
partially immersing sticks of phosphorus a vessel of water, and allowing free access 
of air. Under these circumstances phosphorous acid is formed, and rapidly dissolving 
in the water, gives rise to a Sour solution of hydrated phosphorous acid. * Nevertheless, 
the phosphorous acid thus gonerated is not pure ; it is contaminated with soiffe phos- 
phoric acid, into which phosphorous acid eventually changes when^exposed in contact \ 
with water to atmospheric influences. For many purposes in the arts apd manu- 
factures the presence ^f this admixed phosphctic acid is of no consequence. This is the 
case with the anastatic process of copying letter-typo and engravings. If, however, 
phosphorous acid be required pure, another method of preparation must be adopted, 
which is as follows : — 

(2). When protocMoride of jAo^orus, PhOla, is added to water, mutual decom- 
position ensues, resultihg in the formation of phospheonus and hydrochloric adds, as 
represented by the accompanying diagram. 
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1 Phosplioroug acid. 


3 H7 jrochloric acid. 

t. • 

f 

The liquid holding these two acids in solution being concestrated to the density of 
a syrup, all the bydf jchloric acid is eyplyed, ^nd only the phesijhorous acid, dissolyed 
in water, remains. By the mere application of heat, the solution of phosphorous acid 
does not admit of being further concentrated ; but if the solution be placed oyer a 
dish of oil of yitriol, in the receiyer of an air-pump, and the air ezhc^istcd, a further 
amount of water may be remoyed, and phosphorous acid obtained as a crystalline 
hydrate, haying the composition of PhOs -f- 3HO. 

HYPOFHOSFHOnOVB ACID. 

Atomic or equiyalent weight . . . . 40 

PreparatimJ^'WiGn. phosphorus is boiled with solutions of the fixed alkalies or 
alkaline earths, a hypophosphite of the ozid^ of the all:ali or alkaline earth results. 
If baryta be the alkaline earth employed, a ready means of obtaining hypophosphite 
of baryta is suggested by cautiously adding the amount of sulphuric acid necessary to 
: throw down the whole of the baryta. This operation furnishes a weak aqueous 
! solution of hypophosphoric acid, which may be concentrated by heat up to a certain 
I point without the occurrence of decomposition, but which does not admit of yielding 
; the acid in a crystalline form. ^ 

The leading characteristic of hypophosphoric acid is its tendency to unite with 
oxygen ; thus, when brought into contact with tho oxides of mercury, copper, and 
some other metals, oxygen is remoyed, the metal is reduced, and the hypophosphorous 
acid is raised to the condition of phosphoric acid. ' 

OXIDE^OF PHOSFI^OBUS. 

Compotitign uncertain, 

V V 

For a l<3bg time the opinion was entertaim^d that the red powd3r which forms 
during the combustion of phosphorus in oxygen or atmospheric air was a true oxide of 
phosphorus *, but we haye already seen that the compound in question is chiefly com- 
posed of phosphorus in its second or amorj^hous, or aUotropic condition. Keyerthe- 
less, a portionr of oxide of phosphorus is actually present ; but it may be prepared more 
pure, md in larger quantities, by the following method 
, , Preparation,— into a test-glass, containing a stick of phosphorus, pour hot water, 

by which treatment the phosphorus melts. Kow transmit through the fused phos- 
phorus a current of oxygen gas. Combination ensues, and the wtter becomes peryaded 
witii red particles. This red material is a mixture of oxide of phosphorus with 
uncombined phosphorus ; and the latter being separated by sulphuret of carbon, oxide 
of phosphorus remains. 

Goaabliuittoiui of Phoaphonu with Byftrogon,— Chemists are acquainted 
with three compounds of phosphorus and hydrogen. The first is a gas, the second a 
liquid, and the third a solid. 


1 PMtochloiiae of 







GENERATION OF PHOSPHURETTED HYDROGEN. 


OABSOUS PROSPHirBETTBD ETDBOOEN. 

P)^phora8. Hydrogen. 
)mpo8itlon .... 1 4 - 3 


Composition .... 1 4- 3 

Equiyalent or atomic weight . . ^35 

Xquiyalent or atomic volume . , j i| j 

Specific gravity * . * . . . l-lgs 

When phosphorus is heated in a retort completely filled, both body and neck, 
with aqueous jgolutioif of potash (liquor pbtosss), the beak of the retort being plunged 
underneath the surface of liquor potassss contained in a wrinn pneumatic trough, the 
operation soon determines the escape of gaseous bubbles, which take fire spontaneously 
in the air. A simil^ phenomenon is also observed when lumps of phosphuret of lime 
are projected into water, or when hydrated phosphorous acid is decomposed by heat. 

The inflammable bubbles under consideration^ are mainly composed of gaseous 
phqsphuret of hydrogen (phqisphuretted hydrogen), but they contain variable 
amounts of liquid phosphuretted hydrogen, to the presence of which their quality of 
spontaneous infl a mm ability at temperatures below 212® Fah. is due. By passing the 
spontaneously inflammable gas through a T7-tube, surrounded by a mixture of snow or 
pounded ice and salt, the liquid compound condenses^ and thb gasebus combination is 
transmitted pure. The liquid phosphuret of hydrogen is exceedingly prone to decom- 
position. It can only be retained unchanged at a low temperature, and in a dark 
place. Under the influence of light it decomposes, gaseous phosphuretted hydrogen 
being generated, and the third or solid phosphuret of hydrogen indicated above. 

The generation of phosphuretted hydrogen by the mutual decomposition of potash 
solution and phosphorus, is explained by the following diagram 

Water | ^y^fl®^^"’^Pko8phuretted hydrogen 

Phosplunrus I ^J“^^^^^^Hyp<)^phoH>iisaradlHn)o^ 

Potash ^ ^potadi 

Wien proJuced by the decompoeition of hydrated phoepboroni acid by heat, the 
decomposition is as follows ; — ^ ’ 

Sasgs;— 

phosphorous* acid 12 Oxygen * ^ * * 

ftcid ' 3 Hydrogen 

^12 Water » Hydrogen 3 PhoepJftrio ) Hydrated* 

3 Oxygen a<^ phiphotio 

I 9 Oxygen . Z^gVrater V acid 


Anhydrous 
4 Hydrated phosphorous 
phosphorous* acid 
acid 

U2 Water 


Phosi^uretted 
hydrogen , 


3 Phosp]{| 
^ acid 
^9 Water 


I Hydrated % 
: phoBi)hoiic 
J' acid 


PHOSPHORUS WITH HITROGSK. 


There u a compound of phosphorus with nitrogen, having the composition of NaP. 
It IS a white solid body, characterised by much stabiKty, neither being decomposed at 
a red heat, nor acted upon by acids or alkalies. Such an amount of stability is 
remarkable for a nitrogen compound, most of which are characterised by fecility of 
decomposition. ^ ^ 
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PHOSPHORUS WITH SULPHUR. 

■When phosphorus is brougl^t into contact with sulphur, and both gently htfated, 
combination readily ensues. Several phosphurcts of sulphur may, in this way, be 
generated by varying the quantities of the two substances. Chemists arq not agreed 
as to tho number or the composition of these phosphurcts of sulphur. Their mo-st 
remarkable quality is^iat of extreme inflammability ; moro^so than pure phosphorus. 
Before the introduction of lucifer matches, Ifottles, ec)utaiiling‘''a mixture of these 
phosphurcts of sulphur, were employed as a means of obtaining a flro extempora- 
neously. 

PHOSPHORUS WITH OHLOltlNE. 

There are two known compounds of phosphorus with chlorine, corresponding 
respectively with phosphorous and phosphoric acids. * *rii(;y are dorxominatcd protochlo- \ 
ride and porchloridc of phosphorus respectively, and their (iomposition is indicated by i 
the following formula : — r I 

Protochloridc of phosphorus . - X’h Clj 

- I'crchloridc of pliosiihorus Ph CJ.-> 

* i 

PROTOCIILORIDE OP VnOSPHORUS. i 

Atpmic or equivalent Aveiglit ’^07 | 

Atomic or equivalent volume r: | | | 

Specific gravity of vapour ~ 4*744 

Specific gravity in liquid state = 1*45 

Preparation. — (1). By transmitting a current of dry chlorine over tho surface of 
phosphorus contained in a small tubylatod glass retort communicating with a receiver. 
The retort must be maintained hot during the operation, almost to the boiling point of 
phosphorus, and tho reccivqy carefully cooled by a s-tream of water, or by immersion in 
ice. It is an essential condition to the success of this process that the phosphorus be 
always in excess over the chlorine ;« hence the transmission of gas must be stopped 
before the whole of tho phosphorus -has been appropriated, otherwise percbloride of 
phosphorus will CJso result. ' 

(2). By t^nsmitting the vapour of phosphoiusbover fragments of calc^mel in a glass 
tube strongly heated. 

Properties. — A limpid fluid, which boils at 172° Fall., possesses a density of 1*45. 
and, when thrown into water, yields a solution of hydrochloric and phosphorous acids, 
Hence is furnished a ready means of generating phosphorous acid in a state of 
purity (page 375). 

' PEROHLORIOE OF FOUXUPHORUS. 


JPripar.7tfon.—-r»y transmitting chlorine through the protochloridc. 

Properties. — A white crystalline body easily volatilized, afid furnishing, when 
brought into contact with water, an aqueous mixturo of hydrochloric and phosphoric 
acids. The decomposition way he thus represented ■ 


1 Porchloridc of pho^horus 
5 "Water 


i5 Ghlorino ~ “7 5 Ilydirodiloric aetd 

U Pho.sphorasx 
§5 Hydrogen . 

(5 Oxygen J\l Phosphoric acid 
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Or in chemical symbols thus : — 

PirClj + 5HO = PhO, 5ITG1. 

BOROK. 

Kquiv^cnt or atomic weight . . A: 10 9 ; 

llhiory and NaiM'a^Jflisiory . — Boron was ^discovered by Sir^ Humphry Davy. It ■ 
iKJver exists in nature uncombined, but is found in combination with estygen as native i 
boracio acid, or luiitcd with soda, constituting the salt known as biborate of soda, or 
borax. Nati'^ boracic acid is found in th 6 water of certain volcanic regions in Tus- 
cany. Native biborato of soda^s obtained from certain parts of Thibet and India. It 
is known in commerce by the n^ye of tincal. 

Preparation. — (ly. By heating powdered fused boracib acid in a glass tube with a 
fragment of potas-siiim, apart of the boracic acid is thereby decomposed — ^potash being | 
formed and boron liberated. The undccomposcd portion of boracic acid, by combination 
with potasli, yields borate of potash. As a result of this treatment wo have, therefore, 
a nlixturc cjf borate of potash and bortm ; by treatment with water th# former is washed 
away, and the latter obtainefd pure. 

(2). By heating in an iron vessel tlie double fluonde of boron and potassium with 
metallic potassium, and digesting the residue with cold water, which dissolves aU 
except the boron. • 

Properties.’^liQxovi is a greenish powder, devoid of lustre. When heated in the air 
it readily takes fire, absorbs oxygen, and becomes converted into boracic*acid. | 

nOUON WITH OXYGEN (b?)»ACIC ACID), 

Equivalent or atomic weight . 34 *9 

Boracic acid is the only known compound of boron and oxygen. It contains one 
equivalent of boron uqilcd with three of oxygen: hence its formula is BO 3 . 

Preparation, — (1). The native boracic acid of Tuscany is found associated with 
many impurities, from which it msCy be separated by solution and re-orystallization ; 
hence, this process furnishes us with one mrthod of obtaining bq^raoi^acid. 

(2). By th^decomposition of biho^ate of soda (borax). A solution of thiz salt ih water 
is readily decomposed by sulphuric or hyhnchloric acid, an alkaline sulphate, or chloride, 
being formed, and boracic acid deposited. In either case the solution of borax should 
be hot and concentrated ; about one part hy weight of borax to two and a half of water 
constitutes a good proportion. As the solution cools tho acid crystullizes out as a 
hydrate, and may be separated almost pure ; if required completely pure, they must 
be re-dissolved in water, and rc-crystallizod. ^ 

Properties. — Boracic acid, as crystallized from aqueous solutions, is a hydrate, each 
equivalent containin^j three equivdents of wator, or per cent. WhcA strongly 
heated, the whole of the water is evolved, and the anhydrous acid f^scs into a sort of 
gl^ which has tho property of diBsolving and rendwing fusible the greater nvunbex ^ 
of metallic oxides, each of which tinges the glass with its own chai^cteiiBtic colour. 
The increased degree of fusibility conferred on metaUio bodies by boracic acid and 
borax, is frequently taken advantage of in tite arts and manufactures, and the Qonsidara- 
tion of this property renders inteUigihle the , generic espreaiion/iaz> ftequently a(^plied 
to borax and some other bodies. 
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COMBINATION OF BOBON WITH FLUOKINE. 


BORON WITH CHLORINE (CHLORIDE OF BORON). 


Equivalent or atomic weight . 
Equivalent or atomic volume . 
Specific grtiviiy 


= 115*9 



= 4*/)35 


There is onl^ one Smown combination of chl&rine and boroSf ; it is the terchloride, 
being represented by the symbol BoCl„ and therefore corresponds with boracic aoid. 

Preparation, — ( 1 ). JBy heating boron in an atmosphere of chlorine. (2). By ex- 
posing to heat in a porcelain tube a mixture of boracic acid with charcoal^' and transmit- 
ting through the materials a current of dry chlorine gis. 

Proptrim,-^k colourless gas at ordinary temperafiikres and prpraures, which fumes 
when allowed to escape into the atmosphere, owing to the decomposing agency of 
aqueous moisture, hydrochloric and^ boric acid being simultaneously generated. 


BORON WITH FLUORINE (FLUORIDE pF BORON). 

Equivalent or atomic weight = fi7*5 
Equivalent or atomic volume = | | 

Specific ^gravity . . . = 2*37 


Preparation. — ^By strongly heating, in a porcelain retort, a mixture of two parts fluor 
spar, and ono part fused boracic acid. One portion of the boric acid is by this treatment 
decomposed. Its oxygen, uniting with calcium, forms lime, which uniting with some 
undecomposed boric acid, forms bordte of lime, whilst a portion of fluorine uniting 
with boron, gives rise to fluoride of boron. 

In symbolic notation the decomposition is thus represented : — 

2BoQ, + 3CaFl = B 0 FI 3 -l-BoO,.3CaO. 

Preperties.’—A colourless gas, with strong acid reaction, and a suffocating odour. 
Its leading characteristic is intense aVi^ity for water ; hence, dry organic matter, such as 
wood, starch, &c^ made up of carbon, and t}ie elements of water (oxygen and hydrogen), 
are rapidly cl^arrcd by immersion in this g&s, the dements of water bcinj; removed, and 
the carbon left. 700 or 800 volumes of fluoride of boron (fluoboric acid gas) may be 
dissolved in one volume of water without decomposition ; but if the solution be con- 
centrated beyond this extent, decomposition, ensues, and the solution of another acid 
(the hydrofluoboric) results. The exact composition and relations of this acid still 
remain undetermined. 

SILIOON (sometimes TERMED SILICIUM). 

Equivalent or atomic weight = 21*3. ^ 

Oeneral Remarkt . — Although silicon in its pure state is only produced by refined 
operations, silica, or flint, is one of the most common substances in nature. 

Preparation.— By heating a mixture of silicic acid and potassium. The potas- 
sium removes oxygen from silicic acid, becomes potash, and liberates siHoon, which 
may be isolated by dissolving away the associated potash with water. 

(2). By a mixture of the double fluoride of silicon and potassium with 

potassium, and lixiviating the residue. The operation admits of being conducted in a 
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tube of German or o^er difficultly fusible glass. The theory of the decomposition is 
as follows : — 

Double fluoride of silicon (Fluoride of potassium 

and potassium (Fluoride of silicon (Silicon 

(Fluorine) Fluoride of 

Potassium *-) potassium 

3KF1.2SiFl3 + 6K = 9KF1 + 2Si. 

• ' • • • 

Propertiea, — Silicon is a brown pow’der, devoid of all metallic lustre, and infusible 

at high temperatures. If it be heated in oxygen gas or atmospheric air, oxygen is 
absorbed, combustion wnsues, and silicic acid results. 

SILICON WITH ^OXTOEN (siLICA, OK SILICIC ACID). 

Equivalent*or atomic weight 45*3 

Chemists arc acquainted with only one compoiq^d of silicon with ox 3 ;^en : it is tiio 
well-known substance silica, or silicic acid. Kock crystal is crystallized silicic acid 
almost pure ; flint is the same acid uncrystallizcd, and contamingted with variable 
amounts of impurities. United with alumina and oxides of various metals, it con- 
stitutes the clays, and by far the largest portion of rocks. Rock crystal, beautifully 
crystallized, occurs in the Cornish slate formations ; the crystals a^ locally known as 
Cornish diamonds. Specimens of rock crystal are frequently mistaken for diamonds 
by the inexperienced ; but discrimination between the two is easy — ^the crystallint.' 
form of the diamond appertaining to the tessular or cubic system, anti that of rock 
crystal to the rhombohedral. 

Preparation. — Rock crystal may be regarded fts pure silicic acid ; but we may also 
liberate the latter pure from any state of siliceous combination by adopting either of 
the following processes : — 

(1) . Having powdered some gl^ or siliceous sand, mix the powder intimately with 

not less than three times its weight of carbonate of potasn or soda. Fuse tho whole 
in a platinum crucible, and dissolve out the fused result by water. The solution will 
be. found to contain a gelatinous Iboking material, which is hydrated silicic acid. 
When thus recently prepared, silicic acid i» partially soluble in acidssand alkalies ; by 
evaporating the alkaline solution dryness, however, it is rendered iftsoluble by all 
acids, except uie hydrofluoric. Following out this indication, our alkaline mixture is 
to be evaporated to dryness, and weak hydrochloric acid added, for the purpose of 
dissolving away tho alkali and collateral metallic impurities. The final residue is 
silicic acid. ^ % 

This operation is of great importance collaterally. It is the first stage of, the 
analysis of a siliceous mineral, or an artificial siliceous compound. •In conducting tho^ 
analysis of glass, for example, it is necessary to dissolve ^e glass. This solution is 
effected by powdering it, fusing it with the carbonate of an alk^, or, in ceiUtain cases, 
a pure alkali, and is&ting the silica as alreacly described. 

(2) . Equal parts of fiuor-spar (fiuoride of cakium) and powdered glass being mixed, 
the mixture is formed into a pasty consistence with oil of vitriol, and distilled in a 
glass retort, the beak of which bends down into a "glass containing quicksilver and 
water ; gaseous fiuoride of silicon bubbles through the quicksilver, and is decomposed 
on touching the water, generating silica and hydrofluosilicic add. Inasmuch as the 
fluoride of silicon possesses such on intense affinity for water, the layer of mercury just 
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described is absolutely neeessary to pre'ifent tbe *i^ater oi the vepeiyiug Tessel running 
back into the distillatory retort and fracturing it. 

: The decomposition whicli ensiles when powdered silica, fluor-spar, and stilptturic 
acid are distilled together, is represmsAod by the accompanying diagram 




^ Fluoride of silicon. 


silicic acid (cilica) ‘jv ^ater. 


A 


And the decomposition which ensues when the fluoride of silicon ^comes in contact with 
water is as follows : — ^ ^ 


Fluoride of sOicon { 


Sijica or ^cic acid. 


•\ 


! Fluoride of silicon HydfofluosiKcic acid. 

i The hydrofluosilicic acid generated combines wjth mtor, and is obtained in solution. 
I It is a valuable test, serving to distinguish potash from soda — the former yielding a 
I precipitate with it/ but tlte latter ^one. 

i (3). By bringing chloride of silicon into contact with water . — ^When chloride of silicon, 
j a compound soon to bo described, is brought into contact with water, a decomposition 
I ensues of the following kind : — A jjortion of the water yields up hydrogen to the 
; chlorine of the chloride of silicon, and^gencrates hydrochloric acid gas, w'hich remains 
I in solution, whilst the liberated silicon, uniting with nascent oxygen, forms silicic 
I acid, which deposits. The decomposition i6 represented by a diagram as folio v's : — 


I Chlorido of BUiopn { Hydrochloric acid. 

■ ■ ■ • 

Properties. — Silicic acid is a white potder, harsh to the touch, tasteless, and 
inodorous. 'V^'hen recently liberated from its ccinbinations in aqueoiw solution, it 
occurs as a gelatinous mass, which is a hydrate of silicic acid. In this condition it 
is soluble in water, alkalies, and many acids ; but if the hydrate be heated, cither 
alone, or mixed with its acid or alkaline solvent, to diyness, it is rendered insoluble in 
alkalies and all acids except the hydrofluoric. 

iJeterminaiion of Composition on Analysis. — ^On account of the few definite com- 
^ binations of silicon hnd silicic acid, every statement as to the atomic composition of 
the latter ^cid must involve a certaih amount of hypothesis. The percentage amount 
of silicon and oxygen in silicic acid is sufScicUtly easy tc determiar as follows : — When 
chloride of silicon is brought into contact with Water; decomposition of the chloride, 
as we have recctitly seen, ensues, hydrochloric and silicic acids being the results. From 
this experiment the pewsentage composition of silicic acid is proved to be — 

Silicon 47*06 

Oxygen . - . 

100^66 
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FREFARAl'Knr OF (mUORim OF SILICON. 

'fke majority of cjiemidts coOBider, for x«ttsozu» lumocesBary to dataii liose^ tkat 
silicic acid is a compound of three equivalents of oxygen plus one of silicon, if this 
assumption be correct, the ato^o weight of silicomwill be 21*3^ the number which 
has been adopted in tjiis treatise ; and the chemical symbol for siliciie acid will be SiO^. 

cHLonitoB 6v stiiicoir. 

jbtomio or tadfrolcnt weight,*aasuming it to bo represented ) _ 

by SfCl, . .) ’26-3 

Specific gravity 5*9 

• 

Preparaitott.— By transmitting a current of dry chlorine throu^ a nrixturo of finely 
divided silicic acid’ and charcodlt heated to redness in a porcelain tube. The silicic 
acid employed in this^operation must have been prepared artificially, mere powdered 
flint or rock-crystal not answering well. Its intimate admixture with charcoal may be 
most conveniently effected as follows -Mix intfibately equal parts, by weight, of 
recently prepared silicic acid |nd lamp-black ; make the whole into a stiff paste by 
incorporating with it a sufficient amount of any fixed oil ; mould* the result into 
pellets, and having imbedded tbo lattei;in a crucible, lute on a cover, and expose the 
crucible to a red heat. When the crucible has been removed from the furnace, and 
allowed to cool, the pellets arc ready for treatment ^ith chlbrinc, hs directed. The 
resulting cblorido of silicon must bo collected in a receiver, maintained cool by a 
mixture of ice and salt. , 

Properties , — Chloride of silicon is a Hmpid ti’ansparcnt fluid, colourless when pure, 
having a density of 1*52, boiling at Fab., ani fuming when exposed to the air, 
on account of aqueous moisture present in the latter. When brought into contact 
with water, it is immediately decomposed, yielding hydrochloric and silicic acids, as 
already described. 

CAKlIOlf. 

Equivalent or atomy 'weight ^ 6. 

Carbon is one of the most imx^ortant of jhemicol elements. ^Vll(Allcr wc contem- 
plate the widelf' different aspects it ^an assume when uncombined, or the wonderful 
facility of uniting with other bodies which it possesses, carbon offers pre-eminent 
claims to the attention of the chemist. 

Although carbon, botli in its simjAc, dr uncombined state, and in combination, is 
found in the mineral kingdom, yet it is the element which, par exMenoe, may be 
regarded os belonging to organic nature. Hence by far the greater number of carbon 
compounds will como under the reader’s notice imder the head of erganic chemistry; i , 
yet it must be understood that the limit separating inorganic from organic chemistry 
is purely conventionaj. Carbon, in itsrpurc ^d crystallino state, is the well-known, 
though rare and costly, diamond. It also occurs native, and almost pure, as plumbago, 
graphite, or blaek-lead. Caihon, under esexy form of aggregation, is totally infusible 
at the highest known temperatures. Ignited' in an atmosphere of oxygen, however, 
even the diamond bums, and so combustible is the porous carbon aitificiaily pi^uced, 
and known under the name of charcoal, that it constitutes an ordinary fud. All the 
ordinary materials from the combustion of which wc develop light and heat are, in 
point of fiict, either carbon, or combinations of carbon with hydrogen ; and in con- 
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nection with this fact should be mentioned the important ohan^teiistic that the result 
of the combustion of carbon is gaseous. Had that result been a solid, none of our 
ordinary materials of fuel could kaye been employed for this purpose. ^ 

It would be out of place in a treatise on chemistry to enter , upon several details 
concerning the diamond, which derive their interest mainly from the adventitious and, 
to the chemist, the unimportant fSeict that the gem is so highly ^prized. It will suffice 
to mention that the gem crystallizes in forms belonging to the^ regular, or tessular, 
system ; that it is the hardest substance known; and that all* attl^mpts at its artificial 
formation have been in vain. It is found in certain alluvial districts of India and 
Brazil, and is believed by many chemists to be a result of organic decomposition. The 
nature of this decomposition is still a mystery ; but tjbe experiment of^converting the 
diamond into coke by igniting it intensely between two charcoal points transmitting 
voltaic electricity, seems to ph>ve that elevated temperature cam have had no part in 
its original formation. 

Crystallized carbon is not only found naturally in the form of the diamond, but as 
a miner^ species known by the appellation plumbagine ; the crystals of this material, 
however, are nob white and transparent, but black and '^opaque. * 

The specific gravity of carbon differs for each of ittf physical conditions. Thus, 
the specific gravity of the diamond is 3*50, wfiilst the specific gravity of plumbago is 
only 2*20, and of ^powdered coke from 1*60 to 2*00. 

The conducting power of ckrbon for electricity not only varies for various phy- 
sical aspects of the substance, but for modifications of the same aspect. Thus, 
although ordinary wood charcoal, prepared at no very high temperature, conducts 
electricity badly, charcoal, prepared at high temperatures, is a remarkably good con- 
ducting body. 

Certain varieties of porous charcoal possess the remarkable property of absorbing 
large volumes of different gases, and also odorous miasmata ; and certain varieties, 
especially those resulting oifrom incineration of arimal products, have the property 
of removing vegetable and animal colours. This latter property is taken advan» 
tage of very extensively in the xvosecution of several manufactures on the large 
scale. * 

Carbon has k strong tendency to unit( with oxygen, when exposed to high tem- 
peratures, in^admixture with bodies containing the latter. Hence its gjicat power as a 
reducing agent for converting metallic oxides into the respective metals — a process 
appropriately known by the term reduction. 

f 

CoaabinAtionn of Caxbon with Oxygen.— There are several combinations of 
carbon with oxygen, but of these only two properly belong to the department of 
I inorganic chemistry . These are carbonic oxide and carbonic acid. Their composition 
is as follows 



Parts by weight. 

< 

Equivalents or atoms. ; 

Carboxiic oxide 

Carbon. 

6 

Oxygen. 

8 

Carbon. 

1 

Oxygen. 

1 i 

Carbonic acid 

6 

16 

1 

2 




OABBONZC ACID. 


CARBONIC ACn). 


Atomic or equivalent weight . =23 

Atomif or equivalent size . . . =: | | 

’ Specific gravity . • . . • = 1*5^ 

• 

History, Natural^ History, and Synofiyms.^CsahoniG acid*Yas discovered by Dr. 
Black in 1757, and described by him A fixed air. He demonstrated the existence of 
carbonic acid in limestone, and carbonate of magnesia, and showed the gas to be 
formed as a cc^eque^ce of respiration, fementation, and combustion. Lavoisier was 
the first to demonstrate its composition synthetically by the now common operation of 
igniting charcoal in a jar of oxy^n gas. 

Preparation.— The most convenient method of preparing carbonic acid for experi- 
mental purposes consists in the decomposition of a carbonate by mixture with some 
acid capaWe of displacing the carbonic. In practice, marble broken intq small pieces 
is the most convenient form of carbonate, and aqueous hydrochloric acid (spirit of salt) 
is tlie most eligible acid. As 2he application of heat is unnecessary in conducting thia 
operation, the generating vbssel 'may be a wide-mouthed bottle, to which a funnel 
apparatus and bent tube have been attached. It may be collected either over water, 
mercury, or by displacement. Water dissolves about its own volurae of carbonic acid 
gas at ordinary temperatures and pressures ; but thib amount is not sufficiently great 
to interfere with the collection of carbonic acid over water. 

The decomposition which ensues when carbonate of lime (marble) is brought into 
contact with hydrochloric acid is as follows : — 


Marble i 
(carbonate > 
of lime) 

Hydrochloric | 
aciil i 


' Carbonic acid 

“-ISse; 

Hydh)gen . . ./ 
Chlorine . . . . . 


7^ Water 


^.Chloride of calcium 


Or in symbolic notation it is thus ret)resented * 

CaOiCO., + HCl = paCl + HO + COo. 

Properties . — Carbonic acid, under ordinary temperatures and pressures, is a pungent, 
colourless, heavy gas ; at 60'’ Fah:, and under a pressure of 30 inches bar,, 100 cubic 
inches weigh 50*03856 grains. Carbonictacid was amongst the first of gaseous bodies 
converted into the liquid condition, and fum^ed chemists with the fir.<^t example of a I 
gaseous body reduced to the state of solidity. At the temperature of 32® Fah. the 
liquefaction of carbonic acid may be accomplished under a pressure of 36 atmospheres ; 
but if the temperature be reduced to 14® the same result may be accomplished by a^ 
pressure of 27 atmospheres. At the low temperature of — 22® Fah., proJucible by 
mixing together crystallized chloride of calcium and ice, its liquefaction may be accom- 
plished at a pressure of 18 atmospheres. Liquid carbonic acid is a colourless liquid, 
which if cooled down to the very low temperature of about — 94® Fah. freezes. 

Carbonic acid is soluble in water even at ordinary temperatures and pressures, 
conferring upon the liquid a brisk, agreeable taste. All effervescent alcoholic liquors 
hold carbonic acid in solution; so do ginger-beer and soda-water. Much of the 
so-called soda-water found in commerce is totally devoid of soda or^other alkali, being 
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PnqPERTlBS OP CAR90NIC ACID. 

merely a solution of carbonic acid in water under pressure. A somewhat remarkable 
circumstance in relation to the quantity of carbonic acid capable of being absorbed by 
water is this : — Whatever be the density of the carbonic acid, water dissolves a voRime 
of it nearly equal to its qwn. ^ 

Carbonic acid, in its gaseous or ordinajy condition, • is a heavy, yrespirable, 
incombustible gas, neither capable of supporting combustion^ nor the function of 
respiration. Both the ptiS and its aqueous solution redden litmus-paper feebly, thereby 
manifosting a characteristic of acidity. *rhe acih properties, however, of carbonic acid 
are so weakly pronounced that its combinations with bases (carbonates) are decomposed 
by almost every other acid, carbonic acid being evolved. C/!u*bonic^ acid, and its 
aqueous solution, are rapidly absorbed by the caustic ^alkalies and alkaline earths, a 
carbonate being generated in either case. Carbonates of alkalies arc soluble, tliosc of 
the earths insoluble. The white precipitate generated in^solutione of lime or baryta 
(lime or baryta water), by the transmission of carbonic acid, or the addition of carbonic 
acid in solution, or a carbonate, iso when individualized by other necessary tests, a 
convenient means of indicating the presence of carbonic acid. Thus, if a gas or a 
solution yield a white precipitate with lime or baryta wrfeer, the precipitate majj bO a 
carbonate. If the precipitate dissolve in nitric or hydrochloric acid, evolving a 
gas which manifests the peculiar characteristics of carbonic acid gas, it must be 
a carbonate. , , 

The functions of carbonic acid are very important in nature. It is always present 
in the atmosphere, though the quantity is variable, ranging from *4 to *6 per cent. 
Trivial tboughf this amount may seem, it suffices to afford the necessary quantity of 
carbon to the whole vcgotahlc creation. As regards the mineral kingdom, vast stores 
of carbonic acid are locked up in tlib form of carbonates, chiefly of lime. In some 
localities these carbonates ai’c docompvoscd by natural causes, when carbonic acid of 
course escapes. Being heavier than the atmospheric air, carbonic acid may be poured 
from one vesstd to another^in the manner of a Ib^uid ; hence, if it happen to be 
liberated in a pit or valley, it lingers tlicre, and may be recognised by its effects. 

The celebrated Grotto del Cane, near Naples, owes its mephitic properties to car- 
[ bonic acid thus collected ; and the secret of its proVing fatal to dogs, though failing to 
injure human bck.gs, is easily explained. • The Grotto del Cane is formed in such a 
manner, ’’that k may be compared to a pitcher lying on its side, from wjiich arrange- 
ment it follows that the accumulated gas can never rise sufficiently high to affect the 
breathing organs of a human being, though a sincill quadruped readily succumbs, 
because its mouth and ftiwc are below the dcddly level 

Still (^slebrated than the Grotto del Cano, but not so commonly associated 
witl\,the cause of danger, is the celebrated Poison Valljiiyt of Java, the deadly 
^'nfluenco of which ^vas attributed, by the early Butch travellers, to the Upas tree. 
There are poisonous trees in Java termed Upas, and the concentrated Upas juice is 
sufficiently terrible ; hut the accounts once received as true, to tb|> effect that only one 
tree of the kind grew in Java, that it exhaled a poisonous atmosphere fatal to all beings, 
animal and vegetable, within a radius of several miles, is a fable. The true state of 
the case is this : — There is in Java a valley about half-a-inile in diameter, and having 
very steep sides. This valley is charged with carbonic acid, evolved from natural 
ffssuins, and consequently represents the phenomena of the Grotto del Cane on a much 
larger scak. 

CarboilSjc acid, though filling an important part in the general economy of nature, 
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is not extensively employed for artificial parpoaes. Many of its salts, especially the 
carbonates of potash and soda, are largely used in the arts and manufactures ; but they 
are Ihvariably made by indirect processes not involying the primary employment of 
carbonic acid. Perhaps the most ingenious and refined application of carbonic acid is 
its employipent for flie generation of cx^feme degrees of cold. This is effected by the 
spontaneous evaporation of liquid carbonic acid, or a mixturS of solid carbonic acid 
with ether. The Imuefaction and solidification of carbonic %cid have been already 
adverted to ; the mfith^’^ now required to be •indicated by which the liquefaction and 
solidifiention in question are accomplished, both on the small and the large scale. On 
the small scale the liq^cfation of carbonic Scid was first accomplished by Mr. Faraday, 
by exposing it to the pressure^ of its own 0 

elasticity. Into a tubular apparatus, bent 

as represented in the accompanying diagram, /m 

some oil of vitriol and bicarbonate of soda 
* or potash are placed, the former deposited 
in the bend the latter iu the bend a ; * 

lasffly, the tube is carefully * fused at r,/ ^ , 

especial care being tak(.*n to prevent admixture of the carbonate with the oil of vitriol. 
The glass being sealed and the apparatds well cooled, a certain inclination is given to 
the instrument, by which means the sulphuric acid and tho ^bicarljonate arc brought 
into contact. Decomposition of the hicarhonatc ensues, carbonic acid is evolved, and 
the oxtroniity, /, of the tube apparatus, being cooled by a mixture of ice and snow, 
liquid carbonic acid condenses. * 

The same general principle is adopted in the generation of large quantities of 

"" liquid carbo- 

nic acid, but 
^ • iJie apparatus 

are constructed of metal — ^lead encased in copper is the safest, and in all respects the 
best, though cast-iron was employed originally. Without describing mii^u^y the 
various parts of this apparatus, it will suffice to mention that the receiver is so con- 
structed that a portion of bicarbonate of soda having been dissolved in water and pemred 
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in, a slender cylinder of copper closed at one extremity, as represented below, may be 
. ^ hung within the cylindrical cavity. Supposing this disposition to have been 
^ made, it follows that no decomposition can ensue until the sulphuric acid^and 
bicarbonate of soda have come into contact, which can bo effected at any time, 
simply by inverting the generating cylinder ; to facilitate which opefation it is 
swung on a pivot. Let us assume then that, after securing a proper communi- 
• cation between tin vertical, or generating vessel, and the horizontal, or receiving 
one, the f(^mer fs inverted, causing the sulphuric acid Wlthib it to flow out and 
come into contact with the bicarbonate of soda. No sooner does this take place 
than decomposition of the bicarbonate results, carbonic acid is evolved, and, pass- 
ing through the slender tube of communication into the Wizoiftal receiver, is 

r there condensed into the liquid form. * 

It remains now to be /shown how carbonic aciftffrom the liqjiiid may be converted 
into the solid state. The student is desired to reflect that'the act of evaporation always 
produces cold, and that, eeteria paribus^ the degree of cold is commensurate with the 
rapidity of thb evaporative process. Hence it is that the sensation of extreme cold is 
recognised when ether is poured upon the skin ; and if that liquid be poured upou a 
thin glass bulb containing water, the water may be frozen. Hence it is, too, that 
water may be frozen by the cold resulting drom its own evaporation under the 
exhausted receiver of an air-pump. 

Bearing these ^acts in mind, will readily be conceived that the evaporation of a 
liquid, so volatile as liquid carbonic acid— a liquid which can only be made to retain 
its condition of liquidity by artificial means-must be very rapid ; and being so, that its 
evaporation must produce much cold. Such, indeed, is the fact : so intense is the cold 
that one portion of liquid carbonic acid is frozen by the evaporation of another portion. 
Returning now to an examination of the horizontal receiving vessel, it will be seen 
that the small extremity of the connecting tube between it and the generator goes 
almost down to the bottom of the receiving vessel, from which disposition it necessarily 
follows that if the receiver be disconnected from the" generator, and if free communica- 
tion be established between its cavity and the external air, a jet of liquid carbonic acid 
will be forced out. No sooner does thjs Jet distribute itself than a portion of liquid 
carbonic acid becomes converted into a material like snow. M. Thilorier, who was 
the first to generate solid carbonic acid, not only devised the apparatus jpst described, 
but also a very ingenious box for collecting wbibw 

the solid acid. This box is represented by IB|| 

the subjoined diagrams. c BH IH 

It consists of two parts, one of which 
fits into the other. Each part is supplied 
with a hoUOw han^e, and one part is flixr- 

nished with a tangential jet, represent by jHKg . 

the smallest figure in the diagram. The 
operation ofthe instrument is as follows:-^ 

Instead of allowing a jet of liquid carbo- 
nic acid to escape into the air and to be 
dispersed, it is caused to pass into the 
box through the tangential jet. Owing to 

this tangential direction, it is caused to JU 

circulate around the box. The fact need scarcely be indicated that no sooner does the 
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jet of carbonic acid entbr the box than a portion freezes, owing to the cold produced by 
the Tjipid evaporation of the other portion. Hence, the box contains a mixture of 
gaseous and solid carbonic acid gas. But free communication is established between 
the inside of the bon and the atmosphere without by means of the hollow handles; 
consequentTy all the gaseous portion readily escapes, whilst all the solid portion remains 
I behind, and may be eibily obtained by opening the box. > 

I Solid carbonic a(^d,7as thus produced, is culpable of producing an intense degree of 
cold, as we shall presently discover ; nevertheless, it may be handled with impunity — 
indeed, except it be forcibly squeezed, no particular sensation of coldness is remarked. 
This circumstmee is*easily accounted for. So great is the difference between the 
temperature of the carbonic acid and the temperature of the skm, that actual contact 
between the two does not occur — ^the solid carbonic, acid being enveloped by an 
atmosphere of gas, and thus,'* like all gaseous bodies, having very imperfect powers of 
thermic conduction. Hence, when it is desired to apply the full cooling powers of 
carbonic acid, the substance has to bo mixed with i’ther, in which it partihlly dissolves, 
forming a sort of paste. To touch this paste with the finger would be somewhat more 
dangerous than the act of touching a red-hot piece of iron ; the application of extreme 
cold producing the same physiological effects as the application of extreme heat. By 
means of this ethereal paste the most surprising effects of cold may be developed. 
Quicksilver, when poured into it, causes a hissing^ noise, as when red-hot iron is 
plunged into water, and the metal is frozen at once. But, by peculiar management, 
the ethereal paste of carbonic acid may be caused to develop still lower degrees of cold. 
Its evaporation may be accelerated by placing it under an air-pump receiver, and 
creating a vacuum. In this way the astonishingly-low temperature of ~ 148° Fah.,— > 
in other words, 148° below zero, or 180° below freezing point — ^has been produced. 

Analytical Letermination of Carbonic The means of estimating carbonic acid 

qualitatively have already been mentioned; it remains, therefore, to indicate the 
method of its quantitative determination. This is usually abcomplished by transmitting 
it through a solution of caustic potash, which absorbs it completely, the solution 
acquiring an increase of weight proportionate to tke amount of carbonic acid absorbed. 
In this manner, the amount of carbonic acid contained in any gaseoqs mixture admits 
of being determined exactly, which is a ma'fter of very great importance po the kihemist, 
more especially when prosecuting organic analyses, in the course of which , the total 
i amount of carbon entering into tho composition of a body is estimated, not as carbon, 
but as carbonio acid. We havo already seen that charcoal (carbon), when burned in 
oxygen, yields an acid result (p. 284). If the experiment of charcoal;combu8tion be now 
repeated, the gaseous result will bo found to be endowed with the'^property of uniting 
with the lime of lime-water, rendering the finid turbid, and als^with catstic potash 
or soda. 

These facts may be readily demonstrated by burning a piece of charcoal in two 
bottles, respectively 'filled with oxygen gasj when the charcoal has ceased burning, 
a lighted taper, if immersed in either of the bottles, will be extinguished, thus proving 
I the existence of carbonic acid ; but if a lump of quicklime, moistened with water, be 
thrown into one bottle, and a portion of liquor potassse into the other, each bottle 
occluded with a glass plate (not the stopper, whi(dL would become fixed), and agitated 
for a few instants, all the previously-contained carbonic acid will be found, on opening 
the bottle, to have disappeared, as evidenced by a lighted taper no longer refusing to 
j bum. Readily though carbonio acid is absorbed by solution of al k ali, a perfectly 
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Liebig’s bulb apparatus. 


unoxceptionable device for accomplishing this absorption is oxly a discovery of tho 
last few years, and the merit of devising it belongs to Liebig. ^ 

It consists of a glass tube, bcUt, as represented in the following diagram, and ex- 
panded into five bulbs. The whole apparatus is constructed of lery light glass, so 
that when partially fillo^ with alkaline solutibn it will not be too heavy fefr weighing 
in a delicate chemical Ji)alance. The fact needs scarcely bo indicated, that the bulb 
apparatus presents a ociTent of carbonic, acid t^nsmitted threngL it to the alkaline 
solution, under Conditions very favourable to the complete absolution of the gas : such 
is its intention. To convoy an idea of the uses of this instrument, let us imagine the 
following case : — Assuming that the potash bulb apparatus, wKh its tharge of alka- 
line liquid, weighs eight hundred grains, let us suppose a piece of charcoal to have 
been burned in contact with oxygen, converted into tf^^bonic acid gas, and the latter 
passed t/ 2^0 one extremity of our potash bulb apparatus ; •through Ihe apparatus it will 
not go, inasmuch as the contained alkaline solution will absorb the gas. Under these 
circumstanedb the potash bulb will have increased in weight 
by a certain amqunt, correspomjjing with the weight of car- 
bonic acid generated : supposing the piece of carbon burned 
to have weighed six grains, the weight of carbonic acid pi*o- 
. duced will be twenty-two grains, and the weight of the potash 
bulb, now charged with carbonic acid, will be 822 grains. 
Sometimes, in practice, the conversion of carbon into carbonic 
acid, preparatory to its estimation in the manner described, 
is effected by heating it in a tube, ti*avcr8cd by a current of 
oxygen gas; l^ut, more frequently, the amount of oxygen 
necessary for combustion is yielded by some oxidising body . for this purpose the 
black oxide of copper is ordinarily employed. The manipulative details required in 
oonducting this process belong to the department of organic chemistry. 



CARBONIC OXIDE. , 

Equivalent or atoi^ic weight . . = 14 

^Equivalent or atomic voljme . . .=11 

Sombtimes Vi pale blue lai;pbent flame may be ohserved burning on the surface of a 
charcoal fire; it results from the combustion of carbonic oxide gas, the nature of 
which may be half inferred from a consideration of the circumstances under which it 
occurs in the example before us. ^ 

Carbonic oxide may be regarded as the result of deoxidation of carbonic acid by 
aomeibody having an affinity for oxygen. Carbon is a body of this kind ; hence, when 
f^arbonic acid comop. in contact with red-hot charcoal (carbon), one equivalent of 
oxygen is removed from every equivalent of carbonic acid, and carbonic oxide results. 
By far the moat convenient method of ^generating this gas pqre, however, is the 
following. 

Pr<awirtffiiwi.— Oxalic acid, which properly belongs to the department of organic 
chemistry, may be regarded as consisting of one equivalent of d^bonic acid, plus one 
equivalent of carbonic oxide. At least anhydrous oxalic acid has this composition — 
the a6id whtoh combines with oxide of silver, of lead, and certain other bases. Oidinary 
ei^stallised oxalic acid, however, contains three equivalents of water. Two of these 
three equivalenta may he removed without destroying the constitution of the acid ; but 
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without tlic third the gcid cannot exist — ^it divides into carbonic oxide and carbonic 
acid^ Now, oil of vitriol, as wo have on many occasions recognised, has a powerful 
tendency to unite with water. 

By virtue of this Jendency, — 

but do not absorb carbonic ~ 

oxide ; therefore, on conducting the mixed gase» into liquor pota8gco,^the only gas 
which bubbles through the latter is carbonic oxide. Hence the proper arrangement 
for procuring carbonic oxide by .this process, is as represented above. • 

Froperties * — Carbonic oxfde is a colourless, inodorous gns, devoid of acid, and of 
basic properties. It does not render lime or baryta water turbid, in which respect it 
differs from carbonic acid. It has never been liquefied. It* is Vtwy poisonous when 
taken into the lungs, and is not a supporter of combustion ; but when ignited, it burns 
with a pale blue fiamc, the sole result of its combustion being carbonic acid. The 
specific gravity of carbonic oxide is *9674. 

SULPHUR WITH CAnnON (.SULPHIDE, (fE SULPHURET OP CARBOn). 

One combination of sulphur with carbon is known to chemists. It is the bisul- 
phuret, and composed, therefore, of .one equivalent of carbon plus two of sulphur. 
Hence its atomic weight is 32 -|- S, or 38. ^ 

Preparation. — Byjfcransmittiiig sulphur vapour over red-hot dharcoal. 

Properties.-^ A. colourless liquor^ possessing extremely diaagre&blc odour, and 
having a specific gravity of 1*271 at 60” Fab. • 

• • 

C.VRBON AKD NITROGEN (siCABBlf^lET OF NITROGEN, OR CTAirOGEN}v 

Equivalent or atomic weight . . . =s 26 

Equivalent or atomic volume . . . r=: | | 

Specific gravity . . . . . = 1*86 

Oetm-fd Mmarks , — Cyanogen was discovered by M. Gay Lossac. It pos^ses 
great importance, both practical and theoretieal ; practical, on account of its being % 
constituent of hydrocyanic, or prussic acid, and a vast number of useful compound 
bodies ; theoretical, gs furnishing the most prominent example of a compound body 
acting like a simple one in chemical oombinations. Thus, it combines with hydrogeni 
forming hydrocyanic, or prussic acid, the analogue of hydrochloric acid ; with oxygeiii, 
to form cyanic acid,^ and in like manner for many other combinations. Perbapi 
cyanogen, on account of its numerous organic relations, belongs with most propriety 
to the domain of organic chemistry ; neverth^ess, its general ehnract^sties so iisuch 
resemble those of chlorine, iodine, bromine, and fluorine, that wo will enter upon Mb 
consideration here. 
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CYANOGEN. 


Preparatim, — Direct combinatioii of carbon with nitrogen baa noTer yet been 
effected, hence an indirect process is requisite for generating cyanogen. This indirect 
process consists in heating cyanide, or cyanuret of mercury. A small bent tube, as 
represented by the following diagram, may be employed, and th^^as may be collected 
either over water or mercury. k- 

If considerable quantities of the gas are required, it is hardly necessary to mention 
that the bent tube mqst be discarded, and a sm^ retort employed instead. 

As the decomposition proceeds, gaseous cyanogen and metallic mercury will be 

liberated ; but there also remains in the 
retort a black material qf precisely the 
same composition as cyanogen, and to 
whic^^itho denomination of paracyan- 
ogen is applied. '' 

Properties. — Cyanogen is a colourless 
gas, possessing an odour something like 
that of peach blossoms. It is combus- 
tible, and exceedingly poisonous. Of 
all known* gaseous bodies cyanogen is 
one of the most easily condensable. 
By employing a pressure of 4 or 5 
atmospheres it may be liquefied at 
ordinary temperatures ; and it liquefies without pressure if cooled down to 4** Fab. 
Water dissolves 4 or d times its own volume of cyanogen gas, and alcohol as 
much as 20 or 25 volumes. Both ^coholic and aqueous solutions undergo decom- 
position by keeping ; a brown powder being deposited, the nature of which has not 
been determined. 

CYANOGEN AND HYDH 0 GEN (HYDROCYANIC, OR TRUSSIC ACID). 

Equivalent 01^ atomic weight . 

Equivalent or atomic volume . 

Sp^ific gravity of vapour f . 

specific gravity of liquid . ^ . 

Various processes have been devised for generating hydrocyanic, or prussic acid, 
differing in their nature according to. the strength of acid required. 

I 

ANHYDROUS HYDROOYANIC ACID. 

« 

Preparation — ^Andydrous hydrocyanic acid may be prepared by transmitting a 
current of hydrochloric acid gas over cyanide of mercury placed in a glass tube, and 
condensing in a XJ-tubc, cooled by a mixture of ice and salt, the liberated hydrocyanic 
acid, in which case the decomposition is as follows ; — 

HgCy + HCl = HgCI + HOy. 

But still better is it to substitute a current of hydrosulphuiic acid gas for the hydro- 
chloric. The arrangement of apparatus for conducting the operation is as follows 

The bottle A contains ihigments of sulphuret of iron, upon which dilute sulphiiric 
acid may bo poured by means of the funnel/ and hydrosulphuric acid will, of course, 
be liberated (page 349) ; but the gas is charged with aqueous vapour, fh>m which it 
must be freed : this is accomplished by causing it to traverse some fragments of 
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cUoride of calcium contained in the tube P ; passing on, it eventually comes in contact 
witkcrystals of cyan- 
ide of mercury con- 
tained in the tube Q,, 
and no sooner does it 
touch them than de-» 
composition ensu<|fs, ^ , 
sulphuret of mercury 
being formed, and 
hydrocyanic ^id es« 
caping into the cooled 
U-tube, where it con- 
denses into the fluid 
condition. In order to obtain the hydrocyanic acid completely tmmixed with hydro- 
sulphuric acid, it is necessary to terminate the operation while yet a portion of the 
cyanide of mercury remains undecomposed. The progress of decomposition can be 
reaSily determined by noticing the colour of the materials in the tube— sulphuret of 
mercury is black, and cyaxflde of mercury white ; moreover, the process of decom- 
position is regular, beginning at the extremity of the tube Q nearest to the generating 
bottle, and thence gradually proceeding to the farther extremity. • 

Properties . — Anhydrous hydrocyanic acid is a coldhrless liquid, and one of the most 
poisonous compounds known. A single drop placed on the tongue or in the eye of a 
strong dog, kills the animal instantaneously, and its vapour taken into the lungs is 
quite as deadly. For this reason the operation of preparing the anhydrous acid must 
be conducted with extreme care. Anhydrous hydrocyanic acid is exceedingly volatile ; 
for this reason, when poured upon a flat surface, one part freezes by the cold resulting 
from the evaporation of the rest. 

Dilute B7dzoc3rR&ic Acid.— Hydrocyanic acid dissolves in water in all propor- 
tions, and is frequency manufactured in the dilute state. That which is known in 
commerce as Scheele’s strength is a^vo per cent.«acid ; but the dilute hydrocyanic acid 
of the London Pharmacaepia only contains two* per cent. For preparing the acid on 
the large scale the following process mty be adopted with adv&tage ^o 6 lbs. 
avoirdupois powdered prussiate ctf potash (ferrocyanide of potassium^ in a capacious 
retort add a mixture of 4 J lbs. oil of vitriol, and 12 pints of water. Distil by the heat 
of a sand-bath into 2 gallons of water, until the materials in the retort acquire the 
consistence of a thick paste. The resulting dilute acid will be stronger than acid of 
Scheele’s strength (5 per cent.), but the delermination of its exact strength requires 
an analytical process of the following kind ; — Weigh off any convenient quantity of 
the acid— say 50 grains — and add solution of nitrate of silver %ntil no further pre« 
cipitation ensues. Collect the ^precipitate on a tared Alter, wash it thoroughly dry, 
and weigh. The wliite precipitate is cyaiiide of silver, every 134 parts of which 
correspond with one equivalent, or 27 parts, of hydrocyanie acid ; consequently it will 
be seen that, by dividing the weight of cyanide of silver produced by 5, the quotient 
indicates the quantity, within an unimportant fraction, of hydrocyanic acid present. 
As regards the greats number of solutions, specific gravity is correlative with strength ; 
but dilute hydrocyanic acid furnishes an exception to the rule, inasmuch as the differ- 
ence of its specific gravity for different strengths is only trifling. In reducing hydro- 
cyanic acid of one strength to another specified strength, the following considerations 
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must be attended to. Suppose that we aim at the manufacture^ of a 6 per cent, acid, 
but having tested it by means of nitrate of silver, 50 grains yield 13 grains of cyanide of 
silver. Now 13 divided by 5 give 5*2 ; hence the dilute acid has a strength of 5*li per 
cent. But we desire to have an acid of exactly 6 per cent. ; therefore we reason as 
follows : — 5 per cent, is one-twentioth ; henc«, if we take twenty parts of 6 per cent, 
acid, and extract the real acid from it, the latter will be foun^ to have been in com- 
bination with 19 part^bf water ; hence, if we multiply the amoupt of real acid by 20, 
we get the numiber of parts by weight of water, which must be"'combined with it to 
form an acid of 5 per cent, strength. Now 20 X 5*2 = 104 ; hence every 100 parts 
of the acid of 5*2 per cent, must have water added to it until tha total iQ^umber of parts 
by weight is 104. To every 100 parts by weight of |U}id of 6*2 per cent, strength, 
therefore, we must add 4 parts of water. Freqiientl;^ in practice it is more convenient 
to measure than to weigh liquids, though weighing is al ways more correct. If the 
operation of measuring be applied to data relating to weight, allowance must be made 
for the differcpcc between the specif gravities of the liquids operated on. Thus, in 
the present case, dilute hydrocyanic acid having a strength of 5*2 per cent, possesses 
the specific gravity of *995 ; that is to say, it is lighter than water in the ratio of 
*995' to 1 ; hence the measure of a pound weight of water '•I'ill not hold a pound weight 
• ^ 1 

of a liquid of *995 ; but less than a pound in the ratio of — to 1, or 995 to 1000 ; 

henee, in order to make up the pc and for every 1000 measures of water, wo must allow 
1005 measures of a liquid having a specific gravity of *995. Now 1005 is the same 


995 


; it is,* in point of fact, the reciprocal of 995, or unity divided by 995; or in 


decimals 1005. 

The decomposition which ensues in the preceding operation has been studied by 
the late Mr. Everitt,* according to whom the following changes occur : — 


2 eq.Fcrrocyanido J 
of potassupn 


8 eq. Water . . . 
6 oq. Sulphuric 


u^hunc I 


^6 Carbon . . 
6 Carbon . . 
3 Nitrogen . 
3 Nitrogen. 
3 Nitrogen . 
1 Potassium 
8 Potassium 
V2 Iron 
[ 3 Hydrogen 
3 Oxygen 



Yellow salt, biferrocyanido 
of patasaium. (?) 


3 Hydrocyaaic acid. 

3 Bisulphate of potash. 


, THE METALS. 

Chaxaciexistloa of MLetala.-~Perfectly distinfil^e though the characteriatios of 
metals on c&sual observation may seem, and which indeed is true |o long as we confine 
our attention to those metals which ordinarily come under our notice, several bodies ore 
known to chemists the classification of which is by no means easy ; so thoroughly do 
they unite the prominent characteristics of metallic with those of non-metallic bodies. 
Nearly all the arbitrary qualities which at various times have been associated with 
metals, the progress of chemical discovery has in turn obliterated. At one time a certain 
lustrous appearance was thought to be necessarily charaoteristic of metals ; but to this 
•“ Phil. Hsf.,” Feb. 1835. 
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quality many exceptiongs are known. Great specific gravity, again, was long considered 
to b(ylic invariable concomitant of the metallic state ; but the discovery of the alkaline 
radicals—potassium and sodium — universally acceptedias metals, annihilated the dictum. 
Then, again, opacity ^was said to be an invariable quality of the metallic state ; but 
gold-leaf mdy be beaten so thin as to admit the passage of light, not through little 
apertures in the thinly«hammcred leaf, but through the substance of the metal. This 
is proved by the dec(wnj>ysition which white light undergoes in*^ transit. The light 
which passes throu^ the gold-leaf is invariably green, notwithstanding that the 
original light might have been colourless. "With the exception of the doubtful example 
of aminoniumy petals have never been decomposed. The alclicmists believed that metals 
W'ere compound bodies, and miglit he mutually transformed amongst themselves— the 
common metals into silver and gjijd, and those too back again. The whole tendency 
of modern chemistiy^s at variance with this assumption.* 

As regards colour, metals present but little variety. Gold is the only yellow metal, 
copper and titanium arc red, and all the rest art more or' less white ;; the shade of 
whiteness varying from the pu^e dead white of silver to the bluish-gray of lead. With 
respect to the state of their physical aggregation, metals differ M'idoly, as is evidenced 
bj- the different amount of malleability tenacity, brittleness, hardness, and softness 
possessed by different metals. Of all metals, gold is the most 'malleable. 

Silver, in this respect, comes next to gold ; then copper, tin, and platinum. Iron, 
palladium, cadmium, nickel, lead, potassium, sodium, ^d mercury, w^hen frozen, are all 
malleable. Zinc is brittle at some temperatures, malleable at others. The most brittle 
metals arc arsenic and antimony. * 

The amount of ductUity possessed by any metal is correlative with its tenacity or 
power of being drawn out into fine wire. It is a quality somewhat allied to malleabi- 
lity ; however, the two are not identical, as the following arrangement, in which eight 
metals ai-e arranged iipthe order of their tenacity, will prove ; — 

Irdn Gold 

Copper Zinc 

Platinum Tin 

Silver Load , 

The tenacity Og a wire is measured byjthe suspension of weighte' until the wire 
breaks. The weights are for each wire correlative with its tenacity. • 

The density, or specific gravity, of metals varies between wide limits ; platinum 
being nearly twenty-one times heavier than water, potassium lighter than water in the 
ratio of 1 to *866. The following table cypresses the density, or specific gravity, of 
the metals 

Sptcific Gravity of Motals, Temp, GO** Fob. ' 


Platinum 

Gold 

Tungsten 
Mercury . 
Palladium 
Lead . 
Silver 
Bismuth . 
Uranium . 
Copper 
Cadmium 
Cobalt 


20*98 

Arsenic . ’ 

19*26 

I^ickd . 

1760 ' 

Iron 

13*67 

Molybdenum 

11*30 to 11*8 

Tin. 

11*35 

Zinc 

10*47 

Manganese 

9-82 

Antimony 

9*00 

Tellurium 

8*89 

Titanium 

860 

Sodium . 

864 

Potassium 


6‘88 

8*28 

7-79 

7*40 

7-2P 

6 86 to M 

6*8p 

6-7o 

6*11 

6*30 

• 97 * 

•865 
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PROPERTIES OF THE METALS. 


Fusibility of BKetels. — ^Fusibility is a quality commoii most probably to all 
metals. Arsenic, However, when Heated at the ordinary atmospheric pressure changes 
from the solid to the vaporous 'condition, without passing through the intermediate 
state of liquidity. The temperature at which the fusion of metals ^occurs varies between 
wide limits— from mercury, which is fluid ft ordinary atmospheric temperatures, to 
platinum and a few others, which arc infusible at the highest filmacc heats. 

The following tabh indicates the fuajon poiqt of metals * r 

« Fan. 


Fusible below a red 
heat. 




Mercury 
Potassium 
Sodium 
Tin . 
Cadmium 
Bismuth 
Lead . 
Tellurium 
Arsenic 
Zinc 

Antimony 
"Silver 
Copper 
Gold. 

Cast iron ^ 
Pure iron 
Nickel 
Cobalt 
Manganese 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chroi^ium 
Titanium 
Cerium 
Osmium 
Iridium * 
Bhodium 
Platinum 
•Columbium ^ 


. 136“ 

*. 19b“ 

. 442“ 

about 442® 

. . .« 497“ 

. 412“ 

rather less fusible than lead. 
. unknown. 

. just below redness. 

“ . . 1873“ 

. 1996“ 

. 2016“ 

. 2786“ 


|- Fusible by the greatest heat of a wind furnace. 


Imperfectly fusible in a wjnd furnace. 


Not fusible by the highest furnace heats : fusible 
^ the flame of hydro-oxygen blow-pipe. 


Iron, platinum, and the alkaline metals acquire a pasty state before perfect fusion, 
owing to which property, two or more pieces may be hammered or pressed into one. 
This operation is termed welding^ and in the case of iron and platinum it is turned to 
practical account. Probably all metals would be volatilized if a sufficient amount of 
^heat could be applisLl. Some are easily volatilizable, and may, therefore, be distilled ; 
mercury, arsenic, and tellurium ai'o pre-eminent in this respect, both passing off in 
vapour at* temperatures below redness.^ Potassium, sodium, zinc, and cadmium are 
only volatile when heated to redness. 


Glsaiiiicnl &nIatioiiB of BKetals. — Although the physical properties of the 
metals which have been described are important to the chemist, nevertheless it is 
their combining properties with which he is chiefly concerned. These I shall now 
proceed to discuss. 

JHrwi Oomhinaiiona of the Meiah Moiih each other , — ^The greater number of metals 
admit of being fused together into compound metallic masses, to which the general term 
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alloy is applied, proyided mercury do not form part of the combination, in which case 
the amalgam is enfployed. Metals capable of being alloyed apparently unite in 
all pffoportions ; nevertheless, a tendency to a dehnit| atomic constitution is generally 
recognizable ; and when the due atomic proportions are departed from, the resulting 
compound manifests indications of being a mere mixture. 

Combinatioiui of the Second Degree.— By tho tSrm metallic combina- 
tions of the second degree may be designated the results of the imion of metals 
with non-metallic eljmebts, such as oxygen, chlorine, sulphur, jtlcniuip, fluorine, &c., 
constituting oxides, chlorides or chlortirets, sulphides or sulphurcts, sclenidcs or 
seleniurets, fluorides or fluorurets, &c. ‘ Of these the combintions of metals with 
oxygen are thS most* numerous and important. The due imderstanding of chemical 
nomenclature, as at present followed, depends upon their full appreciation. It is, 
therefore, necessary to treat of tR6m somewhat in detail. • 

DrALITY OR COMBINING TENDENCY OF ELECTRO-FOSITIVE AND ELECTRO-NEGATIVE 

RADICALS. 

IThe Acid and Basic Fianctiom. — The most sufcrficial inves%ation of chemical 
phenomena will render evidejit the existence of two functions of matter chemically con- 
sidered ; functions in some way mutually opposed, but correlative, like the functions of 
northness and southness in magnetic, and positive and negative in electrical relations. 
To define these functions, to systematise them, and ui^ravcl the forces which determino 
them, arc amongst the highest aims of philosophic chemistry, and have occupied, in 
succession, all the master-minds devoted to this science. In endeavouring to present the 
reader with an outline of this interesting part of chemistry, it will be well to adopt, pro- 
visionally, two theories, both of which have been proved incorrect, but which, never- 
theless, have left such a deep impress on the structure of chemical philosophy— have so 
identified themselves with chemical expressions, and associated themselves with 
chemical reasonings, that the attempt to discard them altogether produces a chaotic 
array of facts, vague, and unsymmetiical. The hypotheseS here adverted to are the 
electro-chemical theoiy of Davy, and the acid theory of Lavoisier. 

During our investigation of the non-metalli^ fl)odie3, we have seen that they are 
impelled by the force of affinity, or chemictf attraction, to combine y^ith each other ; 
but we have hitherto taken no account of fthe difference of function a% bet\(^cn two 
combining elements. In discussing the class of metallic bodies, this consideration 
will present itself emphatically. We shall, therefore, do well to acquire some consistent 
notions respecting it at once. Perhaps water furnishes the best starting-point for this 
train of inquiry. Water, the reader is aware, is the protoxide of hydrogen. It is a 
compound of oxygen with hydrogen ; and if water be decomposed by voltaic electricity, 
its oxygen is always evolved at the positive pole, or extremity^ of the battery, its , 
hydrogen being evolved at the other. Accepting as true the electro-chemical theory 
of Davy, oxygen goes to the positive pole, or end of the voltaic battery, because, being 
iteelf negaHv$y it is atfracted there, hydrogen ^ing to the negative pole, or end, because 
of its own positive condition. Under the head of Electricity, it has been shown that 
the assumption of Davy is untenable. Neither oxygen nor hydrogen go to their 
respective poles because of their being attracted thither, and for this reason the term 
pole loses its former significance. The decomposition of water, however, by voltaic 
agency obviously points to the existence of a definite duality of force— a force the 
direction of which never changes ; consequently, whatever be the inaccuracy of the 
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electro-chemical theory, the term electro-negative may be applied to oxygen, and 
electro-positive to hydrogen, with the practical advantage of facilitating the current of ! 
our reasoning. The terms aniw eathiony as I have before remarked (page%53), ' 
involve no hypothesis, and arc, therefore, preferable to the terms electro-negative and * 
olectro-positivc ; they are scarcely so exprecsivo, however, and have not displaced 
the terms electro-positive and electro -negative in practice. ^ 

But the duality empower which determines chemical combination assumes its most 
prominent forai, and manifests its strongest energy, when compoUnds aro concerned ; 
hence, at a very early period of chemical investigation, arose the two expressions acid” 
and “ base,” as indicative of those dualities. Of acid bodies we .have ajready met with- 
several examples during our consideration of the npn-metallic elements ; of bases, 
however, wo have met with only OTic— ammonia. ^.JThe metals will furnish a largo 
accession to this class of bodies; in point of fact, the basic i^uality predominates 
throughout llie whole metallic scries. 

If, instead of water, an aqueousi solution, containing the elements represented in the 
subjoiiied table, bo exposed to voltaic agcncy,^decom]josition again ensues, and the 
various elements* resolve thomsflvcs into two groups, as represented hy the brackets. 
From a casual examination of these groups, it will be sdon that the first corresponds 
j with sulx^hurie acid, the second with .ammonia.’ 


I l «« ‘‘’'positive 


1 Oxygen J 


1 Hydrogen! 

I Hydrogen [ Go to negative 
1 Hydrogen | terminal, or cathode. 
1 Nitrogen J 


i 

I 


Accepting the evidence of this decomposition, wo are driven to the necessity of 
concluding that the single elements entering into sulphate of ammonia do not unite 
into one mass, if the expression be permissible ; but that they begin by associating 
themselves with other , elements impressed with similar energj’', and end by forming 
the compound dual arrangement — milphate of ammonia. 

By far the largest portion of bodies into which various elements enter, may be 
resolved into these compound dual ^«ups hy voltaic energy ; and further examination 
will dcraonstrata these groups to possess icany properties in common. For example, 
noaily all tluv groups which go to the positive ppln or terminal (ariode)jOf the voltaic 
arrangement aro sour to the taste, and redden blue litmus paper ; whilst all the groups 
which go to the negative pole, or terminal (cathode) of the arrangement, are totally 
devoid of sourness : on the contrary, many«of them have a distinctive taste of their 
own, and whi*'h assumes its highest characteristic nature in the alkalies, potash and 
sod^ . None of them redden litnius-papcr ; but, on the contrary, change paper which 
j.has been thus reddened, back to its original blue colour ; and, finally, they all possess 
a remarkable tendency to unite with bodies of the former dual group, generating ’ 
resulting bodies to which the gfjncrio name Balt is applied. It will be readily seen, 
therefore, that the general term may be aj^plied with great propriety to that class 
of compound bodies called—in respect of its voltaic relations — electro-negative, or 
mionB^ and base to electro-positives or cathiom. Although, therefore, all salts aro not 
necessarily compounds of an acid with a base, nevertheless every compound of an 
acid with a base is a salt (page 352). 

I have already explained (page 352), that the first or original type of saline bodies 
was common salt, a body which was supposed to contain an oxygen acid and a base ; 
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but which is now demonstrated to contain chlorine and sodium merely. It has been also 
remarked that the con^itution of soa-salt, and other bodies of the so-callcd hydracid or 
haloid (page 352) group, is irreconcilable with the the<^ of oxygen acid salts, and that 
the tendency of modern chemistry is to elevate the foi-merly exceptional haloid constitu- 
tion into the type, anA refer all salts to that standard. But the reader of the preceding 
few pages may ask how arc chemists to make this theory accomhiodate itself to facts as 
they are ? What is tfie evidence to warrant our arriving at the startling conclusion 
that the compound tJrMid sulphate of^ammoilia is not a compound of# sulphuric acid 
and ainmonia ? If wc add sulphuric aci(l to a solution of ammonia, do not the two 
combine, and do we not get sulphate of ammonia on cvai>oratioTi r Furthermore, have 
wc not seen tlftit on ‘decomposing sulphate of ammonia by voltaic electneity, we 
actually separate the sulphate of ammonia into its two constituents— sulphuric acid 
and ammonia ? Speejious thougH^this reasoning may appear, it testifies nothing in 
favour of the existence of the so-callcd compound of sulphuric acid with ammonia. 

Glancing at the composition of this salt, tho^first point that strides us is the 
existence of one atom of water. Without water, sulphate of ammonia cannot exist. 
So giuch, then, as regards tlfc syntictic formation of the salt: i>ow a few words 
concerning the phenomena of^ its voltaic decomposition. Although the results of this 
decomposition arc sulphuric acid on ontf side, and ammonia on the other, ycjt one fact 
has been overlooked. Simultaneously with the decomposition^ of su^)hatc of ammonia 
there is decomposition of water, hydrogen being evoWed at the cathode or negative 
pole, and oxygon at the anode or positive. Having thus investigated the supposed 
evidence in favour of the existence of sulphate of ammonia as an actuifl compound of 
sulphuric acid and ammonia, wo find the tendency of this evidence to bo in the opposite 
direction. AVo are almost constrained, therefoVe, to believe in the existence of 
ammonium HN 4 , and a combining group of SO 4 ; and this admitted, w-o establish a 
parallelism between oxyacid and haloid salts ; or rather wc abolish the spcciulity of the 
former. This is called the binarj'^ or, the hydrogen theory of |alts. The predominant idea 
on which it is based is the recognition of the quasi -metallic property of hydrogen, a 
property in virtue of which it can replace a metal iu combination. According to this 
view, hydrated sulphuric acid will bc*composed (rf^iydrogcu plus the radical SO 4 , and 
for which the names sidphaioscygcn and ml^hoarion have been propoJld ; thii^ mono- 
hydrate of Rul^ihuric acid, accordinji^ to this view, is sulphatoxide of hydrogen, and 
sulphate of ammonia, with one atom of water, suli>haloxidc of ammonium. In like 
manner, we should have sulphatoxide of barium instead of sulphate of baryta, and so 
on for other bases. 

Objections to tbe Binary Tbeory.— Various objections have hi:(jp adduced to 
the theory in question. The piincipal is the necessity which would arise for assurwing 
the existence of numerous compound radicals which had never l#en obtained. But » 
this objection applies to many substances recognised by our present nomenclature. 
Neither oxalic acid nor acetic acid has been obtained deprived of water, or iit least the 
elements of water ; and, a few years since, nitric acid belonged to the same category. 
The real objection to the binaiy or hydrogen theory is practical, not theoretical. So 
firmly has the nomenclature of Lavoisier established itself, and so accordant is it with our 
ordinary appreciations, that the abolition of this nomenclature in favour of any other, 
however philosophically appropriate, would be attended with enormous difficulties. 

Advantages of the Hydrogen or Binary Theory of Salts . — (1). It reduces all saline 
bodies to one category, whereas the old theory necessitates several. 
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(2) . It famishes an intelligible reason for the remarkable in the constitution ; 
of neutral or perfect salts, that whatever number of atoms of oxygen a base contains, a ' 
salt of that base must have an e^ial number of atoms of acid. This law is illusftated i 
by the appended general formulse of neutral sulphates. 

As consisting of oxide , As consisting of metal 
and acid. and salt radical. 

M 0 4- SO3 M + SO4 ^ Example: Sulphate of ^da. 

MjO + GO3 . , M + SO4 * Sulphate of ^boxidc of mercury. 

M O2 4“ 2SO3 . . M + 2SO4 „ Suphate of peroxide of mercury. 

M3O3 + 3SO3 . . Mo + 3SO4 „ Sulphate of peroxide of iron. 

(3) . It accords better than the old theory with the*results of voltaic decomposition. 

Neutral^ Super ^ and Sub Sfllts. — The term neutraP^alt employed above renders an . 

explanation of that term necessary, also the expressions super and sub salt necesspry. 
Blue litmuS’papcr, or tincture of litmus, is, as we have seen, a test of acidity, nearly 
all soluble acids changing the blue %o red. If, then, on testing the solution of a salt, 
it is found to turn blue litmus-paper red, the inference mil be, according to the evid'Jncc . 
of the test before us, that the salt in question contains ap. excess of acid ; according, 
therefore, to the evidence before us, it may be oaid to be a super salt. In like manner, ^ 
if a salt possesses the opposite reaction, changing reddened litmus-paper to its original : 
blue condition, and affecting tuipmcric paper brown, then, according to the evidence J 
before us, the base may be said to predominate ; and, finally, if a salt neither affect ' 
litmus nor tuimcric paper, it may be said, according to the evidence thus deduced, to [ 
bo ncutrol. 

The two expressions, super and arc now seldom used, except when the atomic | 
composition of a salt is unknown, though the excess of base or of acid, as the case I 
may be, has been clearly made out. Litmus and turmeric papers are found to be | 
fallacious as indicative of excess of base and acid in saline bodies. A neutral salt is 
now considered to bo a corSpound made up of a single atom of acid, combined with a 
single atom of base. The class of subsalts is now generally termed basic salts, because 
the base predominates ; and if the ifauibcr of atoms of a base entering into the consti- . 
tution of a basi('. salt have to be indict^ed, this is effected by employment of the 
Greek humer^Jls dis, iris, tetrakis, pente^ kb. ; conversely, the number of atoms of acid 
entering into the composition of an acid salt is now expressed by tlie Latin numerals 
dt, trif &c. 

KALEGENOUS METi-LB — POTASSIUM. 

Equivalent or atomic weight . . 39*2. 

0enexai Itemaxks. — Potassium was discovered by Sir H. Davy. It never occurs 
r native or pure, on recount of its great tendency to unite with other bodies, especially 
oxygen. Its compounds are very extensively diffused, both in the inorganic and 
the organfb kingdoms. Many crystallized roc^s contain potas^ (oxide of potassium) 
united with silicic acid ; potash also enters into the composition of soils ; but it is in 
the constituents of animal and vegetable beings that the most extensive diffusion of 
potassium compounds is recognised. All the potash which under various guises finds 
its way into commerce is, in point of fact, derived from the ashes of land vegetables. 

Pr^paratfbn.-- (1.) Potassium was originally developed by transmitting a current of 
voltaic electricity tl^ough hydrate of potash (fused potash), slightly moistened, in 
order to increase its conducting power. Under Ihese circumstances, water and potash 



PREPARATION OF POTASSmN* 401 

(oxide of potassium) jrere simultaneously decomposed, hydrogen and potassium being 
liberated at the negative pole or extremity {cathode) of the battery, and oxygen at the 
positive (anode). • 

(2.) The preceding operation yields potassium in small quantities only ; to procure 
it in bulk the foUowinjg process was next devised : — 

An iron tube (guiy-baircl or piece of gas-pipe), AB, having \)een bent as represented 
in the appended sl^tcl^ is charged with iron turnings from to a, and with fused 
potash from a to B f alterwards, the p&rtion ot the tube from A to a is covered with a 
lute of refractory 
clay, that it ipay , 
withstand the 
high furnace-heat 
to which it will 
be next exposed. 

The parts 1 2, 
disjoined from the 
main tube in the 

sketch, are for the purpose enabling the tubular channel to be cleared, when neces- 
sary, from impediments. • 

The tube having been charged and prepared as described, is next passed through a j 
furnace from A to a, the remaining portion, from oHd B, being exposed. When the 
furnace heat has been well raised, and the luted portion of the tube has been brought 
to a white heat, a wire basket, containing ignited charcoal, is hung imdemeath the 
tube from a to B, in order that the hydrate of potash (potassa fusa) may be liquefied. 
No sooner is this accomplished, that the fused material, percolating through the iron 
fragments extending from a to A, is decomposed — the oxygen of ^e fused potash, as 
also the oxygen of its water of combination, uniting with iron to form iron and potas- 
sium, and the 
hydrogen escap- 
ing. The latter 
passes into the 
*hir, andjhe for- 
m8r remains in 
the receiving ves- 
sel, o, containing 
naphtha, a liquid 
which, not hav- 
ing any oxygen 
in its composi- • 
tion, is imable to 
convert ‘ potas- 
sium into potash. 

One portion 
of this appara- 
tus yet remains 
to be described ; 

it is the tubular appendix, f , which dips below the sux&ce of merouiy in a glass. The 
function of this appendage is as follows i^ocasionally the ignitum^tube, notwlthstand- 
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ing all the operator’s care, becomes clogged, of which it is desiral^le that some indication 
should be recognizable, otherwise the tube might burst, and a severe accident be the con- 
sequence. The appendage wit^L its associated mercury, at once supplies the indidition 
of stoppage, and obviates danger, allowing any vaporous matter to escape, but pre- 
venting the access of atmospheric air. 

(3.) By far the most'cligible process for obtaining potassium in large quantities is 
by distilling a mixture of carbonate of potash and charcoal (carhop). The operation is 
usually conducted by means of a wroughc-iron bottle coated with luting— a quicksilver 
bottle, such as was directed to be employed in the manufacture of oxygen gas, answers 
the purpose well. It is arranged horizontally in a furnace, as represented below. 

During the process of potassium manufacture by distilling a mixture of carbonate 

of potash and charcoal, two pecu- 
liar salts of . potash are formed, 
namely, the croconate, and iho- 
dizonate of potash. Potassium, 
if required in a state of absolute 
puAty, must be re-distilled itf an 
iron retort containing naphtha. 

Properiiet. — A white metal, 
having a yellowish tint, some- 
thing like that of silver. At ordi- 
nary atmospheric temperatures it 
is soft, and two pieces may be 
readily pressed (welded) into one 
(page 396). When cooled down 
to 32*^ Fah., it is crystalline, and 
brittle. Its fusing point is 150®, 
and at ISC'* it passes into vapour, 
and may be distilled. In an atmo- 
sphere of hydrogen or nitrogen 
gas, potassium retains its metallic 
lustre, but it cavnot long bo exposed to tip air without becoming incrusted with a 
j)ulvcrulbnt layer of oxide (potash). The tendency of potassium to unitq with oxygen 
is very strong ; it must, therefore, be preserved in naphtha, a fluid which contains no 
oxygen, or else in an atmosphere of non-oxygenous gas, such aa nitrogen or .hydrogen. 
AVhen thrown upon the surface of water, on Which it floats, or ice, it presents the phe- 
nomenon, extrpordinary under the circumstances, of combustioa ; potash being formed 
and y:tained in solution by the water, and hydrogen evolved. The^epecific gravity of 
^potassium is only ’8fl5. 

Compounds of Potassium with taygon. — ^Thws are two compounds of 
potassiuip Vith oxygen : the protoxide (potash, sometimos etlle^ potass or potassa), 
and the peroxide. 

Protoxide (potash) KO. 

Preparation , — ^Absolutely purs protexids of potassium, or pstwli, is obtained with 
difficulty, though its monobydrate, fhsed potash, can be prepared with ease. When 
potassium is burned in a current of perfectly dry oxygen gas, it is not the protoxide 
(potash) or KO which results, but the peroxide or KO^. If, however, twioe the weight 
of potassium already held by this compound be mixed with it, and the whole heated in 
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a current of nitrogen^as, a compound made up of equal equivalents of oxygen and 
pot^sium results. This is the protoxide of potassium, or potash. When this oxide is 
dissolved in water, an ordinary aqueous solution of»potash is obtained ; hut no known 
amount of heat contrive off the whole of the water, one atom for each atom of potash 
obstinately remaining, and constituting^he monohydrate of potash, or ordinary potassa 
fusa. The two oxides of potassium differ widely as to their importance : one, the 
peroxide, is a meres c^t^mical curiosi^, applied to no usefuf purpose whatever ; the i 
other, pota&hf being* a powerful base, and entering with acids into inmimerable combi- 
nations. 

The description of potassium and its oxides just given is stiictly accordant with a 
synthetical examination of the^ bodies ; but, practically, the order of producing them 
must necessarily be reversed, ippsinuch as potassium does not naturally occur. The 
practical order of production is as follows : — In the *first place, land plants— -the 
source of potash — contain tliat alkali in combination with numerous vegetable acids. 
When these land plants arc burned, the vegetable salts of potash are decomposed, being 
cht^igcd into carbonates. Th|se carbonates are obtained by lixiviation of the vegetable 
ashes, filtration of the lixiviated matter, and evaporation. The result is carbonate of 
potash, contaminated with •various impurities, most of which can be removed by 
re-solution, filtration, and evaporation. 

Pure carbonate of potash being thus obtained, it is dissolved ii^ water, mixed with 
quicklime, boiled, and filtered. The result is a solution of potash, or rather hydrate 
of potash in water. The decomposing agency of lime is simply to this effect : — It 
combines with eaibonic acid, and forms carbonate of lime, which precipitates, leaving 
the solution of hydrate of potash alone. This solution may be freed from the carbonate 
of lime either by deposition or by filtration ; if tbo whole of the carbonic acid has 
been removed, the solution will not effervesce on the addition of hydrochloric acid. 
The next operation consists in driving off as much of the water as possible ; and this 
is effected by evaporation in a vess^tel of clean iron, or, stilV better, of silver. Proceed- 
ing thus with the cvflporativc process until its furthest limits are reached, a solid 
matter is obtained, which no furthei; degree of lyat can deprive of water, but which 
fuses, and may be cast into moulds. This material is the monohydrate of potash, and 
it is from this that potassium was originally prepared by voltaic ageficy. Tjjjp second 
hydrate of poAsh is a crystalline coiftpound, which forms, under some Circumstances, 
in aqueous solutions of the monohydrate of potash, but which is applied to no useful 
purpose. ^ 

Monohydrate of potash has an extreme tendency to unite with water ; a portion of 
it if exposed to the atmospere, oven in the hottest weather, absorbs aqueous vajiour, 
and changes to a syrupy liquid. It also absorbs carbonic acid, and is frequently , 
employed for this purpose in many chemical operations. Hydtftte of potash, when • 
cast into the form of sticks, is employed by surgeons as a powerful caustic. 

Few potash couAtinations are soluble in alcohol, but monohydrate of potash 
is an exception to the rule ; it dissolves in alcohol readily, and by taking advan- 
tage of this property, it may be separated from carbonate of potash and many other 
impurities. 

Inasmuch as the specific gravity of a solution of hydrate of potash increases with 
the amount of hydrate present, the strength of a solution of this kind will be propor- 
tionate with the quantity of hydrate present. The appended table indicates the 
rdation between the two. 
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CABBONATES. 

Salts of PoiajAi. — ^There are, at least, three carbonates of potash, probably more. 
They are the mono-carbonate* the bi-carbonate, and the sesqui-cai^onate. The names 
indicatiYC of the two former require no explanatory comment ; the latter is so called 
from the Latin expression sesqui, oi^ and a-half, because its composition accords with 
the symbol iEO 1^002, or, what amounts to the same, 2E0 SCO._^. 

Neutral^ or Manocarhonate of Potash^ KO, CO.^ 2flO.— -This salt is prepared in 
large quantities by lixiyiating the ashes of land plants, fis already described. In its 
impure condition it is termed crude potash; ‘but when a little further purified the 
name pearlash is j^iven it. Absolutely pure carbonate of potash, however, is best 
prepared by igniting in a platinftm or silver crucible pure bitartrate, or binoxalato of 
potash. 

Biearhomt^ and Sesquioarhonate of Fotash^ KO, CO.^ ■+• HO, COg, are both pre- 
pared by transmitting a stream of carbonic acid through a solution of monocarbonate 
of potash. 

Nitrate of Fotash (Nitre or Saltpetre), KO, NO*. — ^Next to the carbonates, this is, 
perhaps, the most important of all potash salts. It is used in the manufacture of nitric 
acid, and of gunpowder ; if, also is employed in numerous operations of chemistry, 
metallurgy, and the manufacturing arts. < 

Nitre occurs as a natural product in many ^ parts of the world; it may be also 
generated artificially. We obtain all (fur nitre from India, where it occurs as a natural 
efflorescence on ^e ground in certain lethalities. Other nations, less favoured than 
ourselves in this respect, produce their nitre by i n operation which will presently be 
described. Nitre, as it is imported from India, contains many impurities, from which 
it has to be separated before employment in the gunpowder manufacture, the manu- 
facture of nitric acid, and most other purposes. Mechanical impurities may be 
obviously sepak'ated by solution and filtration. Lime is separated by the addition of 
carl]^nate of potash, which throws down carbonate of lime, and common salt is 
%. separated by frequeKt re-crystallizations. Crystals of nitrate of potash are anhydrous ; 
their form is that of six-sided prisms, with dihedral summits. 

An aqtleous solution of nitre neithfr acts on litmus nor lunneric paper. It is 
soluble in seven times its own weight of water at 60° Eah., and in its own weight of 
boiling water. At a heat somewhat below redness it melts, and if the heat be pushed 
farther it is decomposed, yielding oxygen, binoxide of nitrogen, and many complex 
products. 

The chemical agency of nitrate of potash has reference to the large amount of 
oxygen which it contains (six atoms), and the facility with which the lat^ is yielded 
up to deoxidising bodies. In many cases the act of imparting oxygen is attended with 
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combustion, as, for instance, when nitre is projected on red-hot coals. The phenomenon 
in question is termed deflagration. The theory of gunpowder as an explosive agent is 
explicable by a consideration of these facts : gunpft>wdor is a mechanical mixture of 
nitre with sulphur sfid charcoal in different proportions, according as the result may 
be desired fliore or less strong for its various purposes. The rq{|ults of the combustion 
of gunpowder vary for different specimens. In general terms, they may be said to 
consist of sulphuret if^tassium, solid^ and c^bonic oxide, carbamic acid, nitrogen, and 
binoxide of nitrogen, gaseous. Great pain is taken to obtain nitre *in the state of 
absolute purity before employing it as' an ingredient of gunpowder. The most 
injurious contamination that it can contain is common salt, a body which not only 
absorbs hygrometric moisture, «nd thus tends to wet the gunpowder, but which, by 
taking no part in combustion, •i^reakens the explosive^ violence. If the filtrate or 
Altered liquor fronf gunpov^er, which has been rubbed up with water, yield with 
nitrate of silver solution a white precipitate soluble in ammonia, but insoluble in 
nitric acid, the presence of chlorine is demonstratfd, and the existence ia it of common 
salt may be inferred. , 

Ariijicial Production of Nitre . — If the floor of stables, the droppings of dove-cots, 
or similar materials rich in animal Riatters, be exposed to the air, the nitrogenous 
matters which they contain in the form of ammoniacal salts absorb oxygen in the 
requisite proportions to form nitrate of ammonia, which, by\he addition of carbonate 
of potash, becomes changed into nitrate of potash, ff carbonate of lime be present in 
the animal refuse, nitrate of lime is formed simultaneously with nitratp of ammonia, 
and is in like manner decomposed by the addition of carbonate of potash. The method 
of generating nitre artiflcially was discovered in France ; the process is still carried 
on there, as well as in many other continental nations: In Sweden, each farmer pays 
a nitre tax in kind, not being allowed by his laws to compound for it by money. 

Sulphate of Potashy KO, SO.^.— -This salt may be made directly by the addition of 
sulphuric acid to hydrate of potash or carbonate of potashfln single atomic proportions, 
subsequently evaporating the residue until crystals form ; but it occurs collaterally in 
several chemical operations. Thus, for ins^nec, when nitric acid is prepared by 
distilling nitre with oil of vitriol, docompoi^tion ensues, nitric acid loping evolved, and 
sulphuric acid formed. Sulphate of potih is soluble in ten parts ^of c(4d water; 
boiling wato^ however, absorbs a dtuch larger quantity. Its solution does not affect 
test paper. Sulphate of potash is anhydrous, and quite insoluble in alcohol. 

Pisulphate of Potashy KO, SO 3 + HQ^SOs. — ^When the preceding salt is mixed with 
a suflicient amount of oil of vitriol to furnish a second equivalent of sulphuric acid, 
the result evaporated to diyness, fused in a platinum vessel, and finally re-evaporated, 
crystals of bisulphate of potash are formed. They are flattened rhombic prisms, hiuch 
more soluble in water than the preceding salt. There is also an anhydrous modifica-* 
tion of sulphate of potash formed by dissolving equal weights of the mono^ or neutral 
sulphate, and oil of f itriol in a little warm #atcr, and retiring the mixture cool until 
crystals form. If the crystals of this salt be allowed to remain for some days in the 
original solution, or if a larger quantity of water bo added, they disappear, and the 
ordinary hydrated bisulphate results. A sesquisulphate of potash, 2 K 0 ,S 03 + H 0 ,S 03 , 
has also been described by Mr. Phillips. He obtained it from the nitric acid residues ; 
but M. Jaoquelin has been unable to generate it. 

CMoraU The general characteristics of this salt have already been des- 

cribed (page 362). It is made as follows A saturated warm solution of carbonate of 
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potash in wster being prepared, chlorine gas is passed into it nntP. no more is dtsscdved. 
The solution is next evaporated until a film appears, and set aside to crystc^ize. 
Chlorate of potash, slightly eontafninated with chloride of potassium, deposits. From 
the latter it may be separated by two or three solutions and reicrystallizatioivs. If 
the mother«liquorfrom ;which this crop of chlmrate of potash has deposited be evapo- 
rated still more, a further crop of chlorate of potash, still more* impure than the last, 
may he obtained. Finally, still further evaporation deterp^iiAjs the formation of 
crystals of chloride of potassium almost pure. Chlorate of potasit crystallizes in flat 
anhydrous, tubular forms ; they are soluble in about twenty parts of cold, and about 
two of boili^ water. The general analogy between chlorate) nitrate, iodatc, and 
bromato of potash, has been indicated at page 317- Ser;eral attempts were made, at a 
former period, to substitute chlorate of potash for n>jbre in the manufacture of gun- 
powder ; the resulting compound, however, is far too dangerous fof 'practice — it readily 
explodes on percussion, whilst gunpowder does not usually explode, except fire be 
actually appUcll. ^ 

Ferchlot'ate of FoiasU^ KO, CIO.— Under the head of jp^Tchlorie acid^ at page 362, ^the 
I process for manufacturing this salt has already been described. It is characterized by 
a d^ree of insolubility for a potash salt, each jpart requiring no less than fifty-five 
parts of cold water for solution ; boiling water, however, takes it up more readily. 
By the application Of sufficient heat, perchlorate of potash is decomposed into oxygen 
and chloride of potassium : the results of decomposition, therefore, are precisely similar 
in kind to those of chlorate of potash, and only differ in the relative amount of 
materials yielded from a given weight of original salt. 

Bulphurets or Sulphides of Fotassium. — ^When sulphur is fused with either hydrate or 
oarbonate of potash, decomposition ensues, and a mixture of several compounds, for- 
merly believed to be combinations of sulphur with potash, results. These bodies are 
not compounds of sulphur with potash, but of sulphur with potassium ; hence the term 
sulphuret, or sulphide of ^iOtassium, correctly e:tpresses their state of chemical 
constitntion. 

MOKOSULPIIVBCT OP POTASSIUM. — KS. 

Freparation.—Q), By fusing together single atomic proportions of potassium and 
splphur. ' •* 

(2). By mixing the mono, or neutral, sulphafe of potash with chai^coal powder, 
and heating the mixture to redness in a closed vessel. The theory of this decompo- 
sition is simple, and, at the same time, very^interesting. Formerly, the opinion was 
entertained thaj when sulphur was fu.«cd with hydrate of potash, or carbonate of that 
alkali, a direct combination of sulphur with potash lesuUed. But the process under 
consideration demonstrates the incoiTectncsa of this opinion, for the monosulphuret at 
feast, the decomposition being of the following kind : — 

% ffarbon — 


1 Monosulphate of 
potash 


1 Potash 


( 1 Oxygen. 

( 1 Potassium. 


^ 1 2 Galenic acid. 


. 1 1 Sulphuric acid | J g 1 Sulphuret of potassium. 

(3), By dividing a solution of concentrated hydrate of potash into two portions, 
saturating one with hydrosulphuric acid, then mixing it with the second portion, and, 
finally, evaporating, and fusing, the whole. 
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Properties, ^ A red^crystalline mass, soluble in water and idoolKd, easily decomposed 
by eicids, hydrosulphurio arid being evolved. In the same sense that we apply the 
theory of oiygen acids and bases, and say that enginery salts are composed of acid 
oxides, united witb basic oxides, so may we extend the expression to include acid 
sal phurets with basic sulpharets. Berzelius devoted much attention to this class of 
bodies, which he tcirmed sulphur salts. Adopting this view, monosulphuret of 
potassium must be ^le^gnated a very powerful base. It unites wth various sulphurets. 
performing the function of acids, and generates well-defined crystalline compounds. 
The acid sulphurets particularly conspicuous in this respect are those of carbon, 
arsenic, and hydrogelh (hydrosulphurio acid). If the monosulphuret potassium be 
heated with a further quantity of sulphur, one or both of the higher sulphurets will 
result, according to the relative«amount of sulphur and monosulphuret taking part in 
the decomposition. * ' 

Whatever bo the relative amount of monosulphuret and sulphur, a portion either 
of hyposulphite of potash, or sulphate of that Base, will also be formed aimultane- 
ougly with the higher sulphurets. 

SODIUM. 

Equivalent or atomic weight .... 23. 

General Remarks Sodium exists in the mineral, the animal,, and the vegetable 

kingdom of nature ; but never uncombined. The plants which contain this metal in 
any considerable abundance are either seaweeds, or certain vegetables which grow in 
the vicinity of the sea ; of these, the barilla plant {sahola soda) is the chief. Sodium, 
as a constituent of the vegetable kingdom of n^ure, exists in the form of various salts 
of soda, having an organic acid ; hence, when these salts are incinerated by burning 
the plants containing them, the soda is finally obtained in the state of caibonatos. A 
fuller description of the carbonates of this alkali Avill be given hereafter. 

As a constituent of the niiimral kingdom, sodium w found in co.mbination with 
silicic acid, constituting silicate of soda, a matciiul #hich enters into the composition 
of various rocks. These mineral •formations gre very widely disseminated j at the 
B 0 <Uum which they contain is nowhere foundT sufficiently localised to furnish a profit- 
able source of sodium in any form of combination. Far otherwisB is it w^h sodium 
in union wfth chlorine (chloiide^f sodium), or common salt. Notf only does this 
compound exist to an enormous extent in the ocean, but in many parts of the world it 
forms subterraneous masses of rock-s^t, obtainable, like other minerals, by the 
operation of raining. 

Preparation . — Exactly like that of potassium, with the obviou^ substitution of 
carbonate of soda for carbonate of potash. 

Pr(tpertks, — In all its physical and chemical qualities, sodium hears a striking 
resemblance to potassium. It is not so blue as the latter, however, having more the 
colour of silver, lit does not usually burmwhen thrown upon the sur^aee^)! water, 
whereas, under this treatment, potassium never fails to burn. Its specific gravity is 
greater than that of potassium, being about 0 97, and it is volatilixed at a somewhat 
lower temperature than that metal. 

GompimndB of Sodinm with Oxygen,— There are two oxides of sodium, — 
the protoxide and the peroxide. The protoxide of soda is a compound of great prac- 
tical importance ; the other is a mere chemical curio.sitT. 

Sydrates of Soda. — Probably, there are sevcr^tl hydrates of soda, but the onfy one 
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possessiog any importance is the solid mass resulting from the emporation, and subse- 
quent fusion, of caustic liquor of soda. The process of making this caustic liquor ^ so 
completely analogous with that already detailed for making caustic liquor of potash) 
that further description is unnecessary. The fused hydrate of soda ^ the monohydrate, 
composed of one equivalent of soda and one of water; symbolically, therefore, it is 
represented by NaO, HO. • 

Sulphates of Sci^ta.— There are several sulphates of soda,fthe most important of 
them being the meutral sulphate, containing ten atoms of water of crystallization 
(Glauber’s salt) and the bisulphatc. Neuti^ sulphate of soda may be prepared by 
dissolving forty-five parts of carbonate of^aoda in water, adding fort^fr-nine parts of 
strong oil of ’ntriol (the monohydrate of sulphuric acid), and evaporating at a tem- 
perature below 68'’ Fah. This salt is much em^jt^yed as a cattle medicine, and 
occasionally in the human fnatcria medica. When exposed to air, its crystals 
effloresce, ^y losing their water of crystallization. On applying heat to the crystal- 
lized sulphate qf soda with ten equivalents of water, they undergo the aqueous fusion, 
evolve water, and eventually deposit crystals of the anhydrous sulphate. ^ 

The act of dissolving Glauber’s salt in water revels some curious phenomena. 
Water at 32*’ only dissolves about five parts; but the amouht capable of being dissolved 
increases rapidly up to 91*4, at which the maximum is attained. Beyond this the 
solubility again dixoinishes with the temperature. In addition to the sulphates of soda 
already detailed, there are others,* but wc need not occupy ourselves with them here. 
They may all be formed indirectly by decomposing chloride of sodium (common salt) 
with sulphurio acid, an operation had recourse to, as the student will remember, in the 
process of manufacturing hydrochloric ^acid. Anhydrous sulphate of soda may be fused 
alone without change ; but if it be intimately mixed with carbonaceous matter and 
carbonate of lime, it is decomposed, the precise nature of the decomposition varying 
with the relative amount of materials employed. When the proportions consist of 
two equivalents of sulphate of soda, three of carbonate of lime, and nine of carbon, the 
final solid result is a mixture df insoluble oxysulphide of lime and carbonate of 
soda : df these the former jjp insolublq^(thc latter spluble) in water, and may be there- 
fore washed out and crystallized. This is the theory of the celebrated process of 
Leblanc for prepafing carbonate of soda fro j*. sea-salt. 

The decomposition which takes place is rcpreseif ;;ed by the following equation : — 

2(Na0,S03) + 3(Ca0,C02) + 90 = 2(140,002) + 2(0aS0a0) + 10 00. 

Sulphites o/iSoda.— Two compounds of sulphurous acid with soda are known~the 
monosulphite and the lisutphiie, 

Biftdphite of Soda . — ^Numerically considered, the monosulphite of soda should come 
f rst in our description, but certain practical reasons suggest a departure from this 
scheme. 

PraparaNofi.—- When a current of sulphurous acid is transmitt^ through a mass of 
crystals of ordinary carbonate of soda, the following changes take place Firstly, a 
portion of sulphurous acid combines with a sufficient quantity of soda to form mono- 
sulphite, carbonic acid being liberated. The carbonic acid does not escape, however : 
it is Immediately laid hold of by a portion of yet undecomposed carbonate, and bicar- 
bonate of potash is the result. Still proceeding with the operation, the whole of the 
bicarbonate of soda becomes, in its turn, decomposed, and the monosulphite is gradually 
changed into the bisulphite of soda, which precipitates in small crystalline granules. 
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the deposition of which may he facilitated by the addition of alcohol to the solution. 
Whqp bisulphite of soda is heated, sulphurous acid and sulphur are eyolyed, and 
sulphate of soda remains, a decomposition which is ei^ressed by the appended scheme. 


2 equiv. 
of bisulphite-^ 
of soda 


Sulphurous acid (escapes) 

f 1 Sulphur (escapes) 
Sulpharous acid ■? 1 

^ 1 Sulphdrous acid — 

Sulphurous acid 




2 So^- 


Oxygen-— 

Oxygen— 

f ^ 1 Sulphuric acid ^ 
1 Sulphuric acid >■ 

i 


2 Sulphate 
of 
soda 


Ifonosulphite of Soda^ NaO, + 7HO. 

Preparation. — ^When an aqu(;(^us solution of bisulphite of soda is heated until 
sulphurous acid ceases to bo evolved, evaporated, and sbt aside to crystallize, mono- 
sulphite of soda results. The crystals of this salt belong to the rhombohcdral system, 
and effloresce or evolve their water of crystallization if exposed for a few days tp the air. 
When monosulphitc of soda is fused, no sulphurous acid is evolved ; but its elements 
recombine amongst themselves, forming sulphide of sodium and sulphate of soda. 

Hyposulphite of Soda, Na0S202. — This compound has acquired great importance in 
the arts of daguerreotype and calotype, and is now made in large quantities. 

Preparation. — The best means - of generating hyposulphito of sc^a is the follow- 
ing : — Digest sulphite of soda with sulphur until no fhore sulphur is dissolved ; filter 
the clear liquor, evaporate, and set aside to crystallize. 

Properties. — Hyposulphite of soda, and the soluble hyposulphites generally, possess 
the remarkable property of dissolving metallic oxides — especially oxide of silver 
— in considerable quantities, without giying rise to any tangible compaund. With 
silver the result of this action is especially remarkable, the resulting solution being 
incapable of yielding a precipitate with chlorine, hydrochloric acid, or the soluble 
chlorides. AU the hyposulphites srre decomposed on the addition of a stronger acid. 
Immediately, howevcip^ the acid is liberated, it separates into sulpharous acid, which 
is evolved, and sulphur, which deposits. ^ 

Carbonates of Soda, NaCOslOHO. — ^There are three known combinations of I 
carbonic acid with soda — the mono or ncfitral carbonate, the biddbonatei^and the I 
sesquicarbonate. | 

Neutral Carbonate of Soda. — Formerlj^ this salt, large quantities of which are con- 
sumed in various operations, was prepai^d^by lixiviating the ashes of sea-weeds (kelp), 
or the ashes of certain plants growing near the sea (barilla). At present very little 
carbonate of soda is obtained from either of the above sources, vast qhantitics being 
made from sea-salt by the process of Leblanc, already indicated. The operation 
consists of three different stages of manufacture. The ^st consftts in decomposing* 
sca-salt by means of sulphuric acid, the result of which treatment is the generation of 
hydrochloric acid ard sulphate of soda ; the second consists in -decompofing the 
s^phate of soda by heating in reverberatory furnaces a mixture of this substance 
with carbonate of lime and carbonaceous matter ; and the third in lixiviating and 
evaporating the product. The evaporation in practice is usually carried to the extent 
of determining the formation of a pellicle on the liquor, which is then poured ixmb a 
tank, and allowed to crystallize. When the treatment is as thus described, the 
resulting crystals contain ten equivalents of water of crystallization; but if the 
crystals be caused to form in a hot liquor still under process of evaporation, the amount 
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of water which they contain U smaller. Crystals of carbontfte of soda dissolve in 
I twice their weight of cold, but in their own weight of boiling water. Exposed to the 
air, they deliquesce, evolving thdir water of crystallization, and crumbling to powder. 
Carbonate of soda, when heated, fast dissolves in its own watw of crystallization, 
undergoing the watery tfusion ; it then undefgoes a second fusion, and becomes anhy- 
drous carbonate of sodq. 

Bicarbonate of NaO 2CO2 +• HO.-tThis salt mayfb| prejMired by trans- 

mitting a current of carbonic acid gas through a concentrated solution of mono- 
carbonate ; a second equivalent of carbonic acid is absorbed, and bicarbonate of soda, 
being more insoluble than the preceding salt, falls. Bicarbonate soda is also 
; prepared by transmitting a current of carbonic acfd gas through crystals of tho 
neutral carbonate undissolve^. 

Sesquiearbonate of Soda, 2NaO, 3CO2 + 4HO. — A 6rystalliiio scsquicarbonate of 
soda having the above composition is found as a natural product in many parts of tho 
world, especfally Egypt, Mexico, %nd India. Tho crystalline sesquiearbonate does 
; not ef&orcscc in the air. < r 

Nitrate of SoSa, — ^Nitric acid unites with soda in onl]^ one proportion, constituting 
nitrate of soda or cubic nitre. It may be obtained directly by dissolving carbonate of 
I soda in nitric acid, and crystallizing the residue ; but it is seldom produced thus, being 
generated spontanbously'in Peri^ and some other parts of the world. 

Fhosphates of Soda. — I have already, under the head of phosphoric atxd, pointed 
out the three peculiar modifications which this acid may assume, and which are known 
respectively by tho terms monobasic or metaphosphoric acid, bibasie or pyrophosphoric 
acid, and tribasic or ordinary phosphoric acid. Each of these modifications of phos- 
phoric acid combines with soda in more than one proportion ; 'consequently there are 
several phosphates of soda. 

First or Ordinary Tribasic Phosphate of Soda, 2Na0P05 + 25IIO, or, seeing that one 
equivalent of water enteriifg into its composition is differently circumstanced to the 
rest, (2NaO HO) PO5 + 24IIO. 

Preparation, — When bone ashes treated with oil of vitriol, the resulting solution 

contains superphosphate of lime. If carbamate of soda be added to this solution until 
all dcpocition^of * carbonate of limo ceasefe, and the supernatant solution evaporated 
until the formation of a pellicle, and then flowed to cool, crystals of^’ tribasic phos- 
phate of soda deposit. It exercises an alkdjLino reaction on turmeric and ri'ddencd 
litmus-paper. Exposed to the air it cfflorqsccs^ and dissolves in two parts of boiling 
and four of cold water. If exposed to hoat, it loses its water of crystallization ; and 
if redissolved in water and the solution recrystallized, the original tribasic salt is 
reproduced, provided the heat if fusion was not too high. The effects of this excess of heat 
^ in generating a bibasie phosphate have already been indicated. 

Seeond^ibasic Phosphate of Soda, 3NaO, PO5 24HO. 

Preparation.— By adding an excess of carbonate of soda to thfproccding phosphate, 
and evaporating the result until crystals form. 

Third Tribasic Phosphate of Soda, 3(NaO -f- 2H0) PO5 -j- 2H0. 

, Preparation. — By adding an excess of phosphoric acid to the first or ordinary 
tribasic phosphate, and evaporating until crystals form. All the three salts just 
described give yellow precipitates with nitrate of silver. 

Bibasie Phosphate of Soda (Pyrophosphate of Soda), 2Na0P05 lOHO. 

Preparation.— By igniting common phosphate of soda, dissolving the result of 
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ignition in water, an^ recrjstalliaiog. The existence of another bibasio phosphate 
has tbeen detennined, containing an equivalent of basic water; bat it Ins not been 
obtained in crystals. '* 

Monohatie PhospImU of Boda (Metaphosphate of Soda), NaOPOs. 

Preparation. — By exposure to a high temperature, cither, the acid tribasic phos- 
phate, or the substaiicS next to be described (microcosmic salt).^ It is deliquescent and 
fusible, readily solu^oin watmr, but does notibrm ciystals. > 

Phosphate of Soda and Ammonia (Microcosmic Salt), NaO, NH4O, HO, POg-J- 8HO. 
Preparation. — By dissolving six parts of common phosphate of soda in two of 
water, then adding o*ne part of sal-ammoniac in powder, separating by a filter the 
common salt which deposits, ai^ evaporating the filtrate. Microcosmic salt is a flux 
of great value, especially in conducting blowpipe operations, for which purpose it is 
often employed. * 

Biboxate of Soda (Borax), NaO, 2BO3 4 * lOHO. — Under the head othoraeie acid 
(page 379 ) the commercial source of native biboratb of soda has been indicated. Con- 
sidivable quantities, however, arc manufactured by saturating the native boracic acid 
of Tuscany with carbonate of soda. Borax crystallizes in six-sided prUms ; the crystals 
! are soluble in twenty parts of cold and six parts of boiling water. Borax is a valuable flux; 
when mixed with oxide and metallic substances generally it lowers their point of fusion, 
and gives rise to transparent vitreous compounds. The ease wUh which borax dissolves 
metallic oxides when fused in contact with them, renders it valuable in the operations 
of soldering and brazing. In performing these operations it is ahaolptely necessary 
that the surfaces to he joined be pei-fictly free from all adherent oxide; this is accom- 
plished by the use of borax, which, melting in contact with the oxides, fuses them away. 
Borax may be rogardad as filling in the operations of igneous chemistry, a parallel 
function to water in operations by the moist process. The constitution of borax is 
acid, as may be seen by simply inspecting its formula ; nevortlieless, it acts like an 
alkali on test paper, and thus furnishes an example of thb futility of pronouncing on 
the questions of neutrality or the reverse from appearances characteristic of free 
acidity and free alkalinity. . $ 

Sulphureis (Sulphides) of Sodium.^Ot th^fse thcTC are several ; the monosulpburet cr 
monosulphide^ NaS, is prepared similarly Ho the monosulpburet or monusi'd^phido of 
potassium. It may be obtained in cr^’ut^s, but soon decomposes by contact with the 
air into hydrate and hyposulphite of soda. 

Chloxide of Sodium (Common Sa^J:), Na Cl. — This most important salt may be 
formed directly for the purpose of demonstration, by saturating either carbonate of soda, 
or hydrate of soda, with hydrochloric acid, and evaporating the fluid until crystals form. 
When chloride of sodium absolutely pure is required for certain purposes of isheAiical » 
experiment, the above is this best method of pnicuring it. Natur^ however, supplies it* 
to 118 ready made, and in quantities which are inexhaustible. In many qisrts of the 
world it is obtained dy evaporating sea-wate?; in others it is procured from* beds of 
rock-salt. Generally speaking, rock-salt does not furnish chloride of sodium sufficiently ■ 
pure for culinary use. The plan of obtaining white salt from coloured rock-salt, is as 
follows -.—Pits or wells are dug into the salt-bt*d, and into these pits water is allowed 
to accumulate and I'emain until it becomes fully saturated. During its act of solution 
various metallic oxides, especially oxide ol iron, which is associated with chloride of 
sodium in rock-salt, deposits^ yielding a comparatively pure and colourless solution 
above ; this, on being subjected to evaporation, yields white table salt. | 
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AlkaliiuetKy. — This term is applied to the operation of deteimining the percentage 
amount of soda or potash in a given quantity of impure carbonate or hydrate of ^da, 
or potash, such as we find in soda ash, barilla, kelp, or potash, as the case may be. 
These products vary as to composition between very wide extreme^; but their effective 
constituents are hydrate^ and carbonate of alkali—potash or soda. 

From a consideration of the laws of definite chemical combination, it follows that 
the relation between twgiven base and the necessary amount to neutralize that 

base and form a given result, is fixed and invariable. For example, inasmuch as the 
combining equivalent of sulphuric acid is forty, and of soda thirty-one,* it follows that 
an unknown weight, which we will call z of soda capable of neutralizing 40 grains of 
sulphuric acid must bo equal to 32 grains. Agaiu, inasmuch as the combining 
equivalent of potash is 47, it follows that an unknown quantity (ar) of potash must be 
equal to 47 grains. On the consideration of these facts is based file ordinary method 
of alkalimetry; which consists in the addition of dilute sulphuric acid of known 
strength to a given weight of alkalMferous compound, and noticing the aqiount of acid 
employed for its neutralization, as indicated by test ipaper. The amount of ^cid 
used may be detei^ined by weighing or by measuring, the latter process being most 
generally adopted. , * 

Preparation of Alkalmetric Sulphuric Acid . — It is obviously indispensable to begin 
by forming test acid of determinate strength — ^the proportions of one part (weight) in 
ten parts of fluid— in other words, one part to nine parts of water are generally adopted. 
If the oil of vitj^riol happen to have a specific gravity of 1*85, it will bo a monohydratc, 
and the process of converting it into test acid is simple enough. Inasmuch as 49 
grains of monohydratc of sulphuric acid contain 40 of real acid, the quantity of the 

latter required in the imperial gallon of 70 000 will be, of course, or 7000 

grains. Now 7000 grains of real acid correspond with 8574* grains of the monohydrate, 
as the following proportion demonstrates : — 

40 : 49 : : 7000 ; 8674. 

Hence, 8674 grains of monohydrate sulphuric acid being weighed out, and diluted 
with the necessary amount of water to^make up the gallon, the result is the test acid 
required.,, • 1 

If, howevet, the oil of vitriol employed be wfcaker than the monohydrate, a con- 
dition indicated by its having a less specific gravity than 1-85, the process of bringing 
it to the condition of test acid is more troi^lesome. The first step consists in ascer- 
taining its exact strength by a process the exact reverse of alkalimetry — namely, by 
seeing how mffeh alkali of definite and known composition it is capable of neutralizing. 
Puro anhydrous carbonate of soda is used for this purpose. Its atomic or equivalent 
t number is 53, heneef every 63 parts of this salt neutralized will be indicative of 40 
parts of real sulphuric acid expended in effecting the neutralization. These data 
furnish tiie means of learning the strength of the sulphuric acid employed by a very 
obvious proportion. 

The Alkalimeter, Variety 1, Measuring AXkalimeier . — This consists of a glass tube 
about fifteen inches long and about half an inch internal diameter, capable of holding 
1000 gprains of water at 60° Fah., and graduated in divisions of one grain. In its 
simplest form, the alkalimeter is simply a tube such as described, furnished with a lip 
or spout ; but a still better construction is represented in the following cut. 

* Omitting fraotienu ; ride table at p. 279. 
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Let us now assum^ tliat the determination is required of the amount of effective 
soda in a specimen of soda-ash. A given quantity, say 50 grains, is 
to be accurately weighed, dissolved in warm watei^ and if it contain 
much mechanical iiMurity, filtered. The alkalimeter is next filled to 
the extent sf its scale with test acid, an4 portions of this are carefully 
added to the soda i^plution until complete neutralization* has been 
effected. This poii)^ may be known to have been attained when, 
after warming the IfistSl solution to ^xpcl carbonic acid, and allowing 
it to remain at rest a few minutes, it no longer affects litmus-paper, 
either blue or^ reddeped. If we assume that 29 measures or grains 
of tost acid have been appropjiated, then w-e leani that the soda-ash 
examined holds 44*8 per cent.^ of effective alkali, by the following 
proportional statem^it , • 

40 : 31 : ; 29 : 22*4. 

Variety % Weighing Alkalimeter ^This instrument consists of a 

f.hm bulb of glass drawn info a fine, almost capillary, beak, and •up- 
plied with a ground and stoppered tubulure. It is, in point of fact, a miniature 

(etort, as the accompanying woodcut represents. 
A glance at the construction, of this instrument 
>viU show that«it is well adapted for the purpose 
intended. The instrument having been charged 
with test acid, and the weight of the instrument 
and acid determined, the stopper is removed, and 
portions olf the acid are dropped out until the 
alkaline fluid has been completely saturated. 
The instrument is now weighed again, the 
amount of acid expgnded noticed, and the cor- 
responding amount of alkali determined by an 
obvious sum of proportion. 

Occasionally it is desirable not only to kftSw the joint amount of hydrate and 
carbonate of an alkali present in any giv^ 
sample, but^he amount of each.« In this 
case, the following plan may be adopted. 

By means of a bent glass tube and per- 
forated cork, the larger tube C, holcRng 
pieces of fused chloride of calcium, is at- 
tached to a small flask. Into this flask has 
been previously poured the alkaline solution, 
and a small test tube has been lowered in 
such manner that, at^the operator’s pleasure^ 
its contents (dilute sulphuric acid) maybe 
mingled with the alkaline solution. Before 
this is done, the whole apparatus is accu- 
rately weighed, and the weight noted. It is 
now removed from the balance-pan, and the 
acid is mingled with the alkaline liquor. 

Decomposition of course ensues, and carbonic acid is evolved. Passing through the 
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tube bolding chloride of calcium, it loses itself in the air; meanwhile any small 
amount of aqueous yapoirr which might accompany the gas can get no further than 
the chloride of calcium, that material having such a powerful tendency to unite Vith 
water. But the most importunt function of the chloride of calcium i8thi8:^The 
apparatus at the present stage of our operation necessarily obtains somp of the 
carbonic acid evolved;* we desire to expel that carbonic aci^ and accomplish the 
result as follows:— The flask is. heated until it becomes charg^ with vapour; this 
necessarily pushes the carbonic acid before it, bnd would itself follow were it not for 
the protecting chloride of calcium, which restrains it. The apparatus is now permitted 
to cool, and is weighed once more ; the deficiency of weight is weieht of carbonic 
acid expelled. Twenty-two poxts of carbonic acid correspond witn forty-five of 
carbonate of soda. 

The preceding operation is unexceptionable if an alkaline sulphite, hyposulphite, or 
suipburet be absent ; but the presence of either of these gives rise to inaccuraejn A 
pi‘climinar^ experiment serves to c^/ivoy the necessary information in this particular. 
Sulphurous acid, like carbonic, is expelled fix>m sulphites and byposul^itcs by the 
addition of a stronger acid ; but it may be easily distinguished from carbonic acid by 
its smell, which resembles that of burning sulphur. Sulpburets, too, arc easily recog- 
nised by the nauseous smell of sulphuretted hydrogen, liberated on the addition of an 
acid. ^ 4 

If on testing a portion of alkLlinc fluid which is intended to be subjected to the 
process of alkalimetry under consideration, cither sulphurous acid or sulphurett('d 
hydrogen be developed, the following means must bo bad recourse to for obviating 
inaccuracies springing from these sources : — teaspoonful of yellow chromate of 
potash must be added to the alkaline solution before pouring it into the test-bottle ; 
by which treatment both sulphuretted hydrogen and sulphurous acid will he decom- 
posed at the moment of their liberation, sulphur being deposited in eithor case, and 
all possibility of error from above-mentioned causes obviated. Theoretically, the 
presence of ehlorides in the alkaline solution under examination yhould be productive 
of embarrassment ; practically, however, they are not, the solution being so weak that 
all Ihc hydrochloric acid resulting fi^Sin the chlorides when decomposed is absorbed, 
and retaiyed. Fdr other particulars rclati}^e to this process of alkalimetry, 1 must 
refer to the original work of Fresenius on the si^bjcct. It has been translated into 
English by Mr. Lloyd Bullock. 

OBNEBAL IlEMARKS ON POTASH AND SODA, AjA) THE SALTS OF TRUE ALELALINE METALS. 

t. 

TJje reader will have remarked that a very striking resemblance subsists between 

true alkaline medals already described and also between their respective combina- 
tions. The more striking this resemblance, the greater is the necessity for mastering 
the few speoial distinctions which do exist, and which not only enable us to distin- 
guish as between combiiuttions of potossii&n and sodium respectfvely, but to separate 
them from each other. Tbe following are the chief distinctive characteristics known 
to the chemist 

Salts of potassiiuB, ami potash, sodium, and soda do not yield a precipitate with 
carbonic acid or alkidine earbemates— do not evolve ammonia wh^ a strong acid is 
added— do not, if eolouTless themselves, yield a coloured precipitate with hydro- 
sulphuric aci^ or hydrosulphate of ammonia. 
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Combimtions of Potamim and PoUuh, 
Tinge flame, Uue. 

Yiefi a precipitate, in virtue of their metal- 
lic constituent, vdlh — 

Tartaric acid. 

Perchloric acid. 

Hydro'fluooilioio acid. 

CMoride ofpfitinum. 


Combinatiom of Sodium and Soda. 

Tinge flame, yellow. 

Are sometimes described as yielding no 
precipitate, in virtue of their metallic 
constituent, with any reagent what- 
ever i but do yield a precipitate with 
antimonic acid.* * 


LITHIUM. 

Atomic weight . . . 6*43 

Preparation . — Lithium waft developed from its oxide lithia by voltaic agency. It 
may,* probably, be capable of production, as potassium and sodium are produced on the 
large scale. ^ 

Quite recently Liebig has published a method of obtaining lithium in considerable 
quantities from the fused chloride of lithium. The salt is placed in a crucible of porcelain 
attached to the negative terminal of a vpltaic battery, and fused ; the negative terminal 
or pole, which is of iron wire, and about the size of a knitting-needle, is now brought in 
contact with its surface, when decomposition immediately ensiles, arai metallic lithium 
attaches itself to the end of the wire. As one portion of metal is thus obtained, it may 
be detached by an iron spoon, and thrown into Persian naphtha, on the surface of which 
it floats, lithium, in point of fact, being the lightest known solid in nature. 

Properties.^A white metal resembling sodium, in its physical and chemical charac- 
teristics. 

Compounds. — ^Ozide of lithium, or litlua, LO. This body stands irx the same rela- 
tion to lithia as soda to sodium, and potash to potassium. It is a rare compound, being* 
specially denominated in the mincr&l kingdom, and is chiefly interesting as fumishing 
the connecting link between the true fixed alkalies (potash and soda) and the earths. 
The principal minerals in which lithia is fouqt} arc some varieties of touri!.;.Une, 
ampligonite, Icpidolitc, and spodumenc. There are various processes for extracting 
lithia from these minerals, and all involve a* difficulty, springing from the sais«e cause 
namely, the necessity of avoiding sofda and potash in every part of fiie analytical 
process. As a general rule, the first part of every analysis of a siliceous mineral, 
insoluble in acids (fomf siliceous minerals ^ro soluble), consists in levigating it with 
potash or soda, or the carbonates of one or both of these alkalies, and fusing the 
mixture in a platinum crucible. From this plan of treatment, where the object is to 
extract lithia, wo are debarred ; because if lithia were once mixed with any compohnd 
of the preceding alkaline metals, the difficulties attendant upon then* separation would 
be enormous. Though the processes which have been suggested for the isolation of 
lithia are numerous, they admit of being reduced to two generalizations, llie first 
consists in substituting an alkane earth, or a carbonate of an alkaline earth, for « , 
real alkali or its carbonate, in the preliminary operation of fusion ; the second, which 
is by far the more elegant, consists in zemoving all the silica in the form of gaseous 
fluoride of silicon. » 

Scheme 1. — Fctalite is to he reduced to an impalpable powder, then mixed with five 
or six times its own weight of carbonate of lime, or of baryta, and heated to wiuteness 
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in a platinum crucible placed in an earthen one, with a layer of magnesia between the 
two, for the space of one hour. The resulting mass is next digested in hydrochloric 
acid moderately diluted, evaporaj^ed to dryness ; taken up once more by dilute hydro- 
chloric acid, and filtered for the purpose of removing silica (page 382). The solution 
is next mixed with excess of carbonate of apxmonia, boiled, an^ filtered )• the filtrate 
evaporated to dryness,' and heated in a platinum crucible, by which means hydro- 
chlorate of ammonU u expelled, and fused sulphate of lithia «remains. From the 
sulphate the salts of lithia may be prepared. ' ' * 

Scheme 2. — ^Petalitc being finally levigated as before, is mixed with twice its weight 
of fluor-spar, and the whole formed into a paste with strong oil 9 f vitriol. The 
operation requires a platinum dish. Heat is now applied, and all the silicic acid is 
evolved in the condition of fluo-silicic acid gas. The solid fixed result is a mixture 
of sulphate of lime with sulphate of lithia. The *latter may be dissolved out by a 
mixture of alcohol and water, a menstruum in which sulphate of lime (gypsum) is 
insoluble. • ^ ,, 

Hydrate of lithia, although having most general similarity to the hydrates of 
potash and of soda, is more insoluble than either, thus manifesting an approach to the 
class next to be treated of— namely, the alkaline earths— like which, also, it forms 
sparingly soluble combinations with carbonic dhd phosphooric acids. 

TEEHIGENOUS METALS— BAHIITM. 

Equivalent or atomic weight . . . 68 

History , — Barium was discovered by Sir Humphry Davy, who obtained it by sub- 
jecting baryta to voltaic decomposition. It may be obtained more readily by trans- 
mitting vapour of potassium through baryta (oxide of barium), contained in an iron 
tube strongly heated. Baryta by this treatment is decomposed, potash being formed 
and barium liberated. The mixture of potash and barium is now triturated with 
mercury, by which means U barium amalgam is formed ; this being subjected to heat 
in a small retort of green glass, containing hydrogen or nitrogen, mercury distils over, 
and barium remains. 

Properties . — ^^hese are very similar to ^hose of the alkaline metals already described. 
Barium *ls yellowish white, something the^ colour of silver, malleable, fi»ible at a heat 
below redness, decomposes water, though not so violently as potassium and sodium ; 
and, if exposed to the air, soon becomes coated with a white crust of protoxide of 
barium, or baryta. <. 

Protoxide <ff Bariim {Baryta), BO — Originally this compound was termed barytes, 
but it is now called baryta for the sake of uniformity. The designation baryta comes 
from Bapvs, heavy, ^pn account of the great weight of native sulphate, and carbonate of 
bar3rta. 

Prej^ftr^tion.—^Piae baryta cannot readily be obtained from the carbonate by sub- 
jecting the latter to heat, as is the case -^ith lime, in consequendib of the tenacity with 
which the carbonic acid is retained. The best method^lf preparing it consists in decom- 
posing the nitrate at a red heat in a large porcelain crucible, by which treatment the 
constituents of nitric acid are evolved, and baryta remains. 

Proper^iw.— A dirty white or gray substance, fusible at higlf temperatures, and 
manifesting a great tendency to combine witii water, and form the compound next to 
be describe'^. 
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Hydrate of Baryta^ — This compound may be prepared either by treating anhydrous 
barj’ta with water, or by boiling a solution of sulphide of barium with copper, in w;hioh 
case the metal removes the sulphur, forming an insoluble sulphide of copper, and 
solution of hydrate of baiyta remains. By evaporation it may be obtained in the 
crystalline* state. It contains 10 equivalents of water, and hence its forinula is 
BaO + lOHO. Whcgi the “crystals are heated they evolve 9 equivalents of water, 
leaving the monohpdre^e, a substance which cannot be deco^ifj^osed by heat. The 
solution of hydratc*o:^baryta is strongly alkaline ; by exposure to the atmosphere it 
rapidly attracts carbonic acid, and generates carbonate of baryta. 

Peroxide or^inoxido of -Preparation : When baryta (protoxide of barium) 

is heated in oxygen gas, at teipperatures between 5d0‘* and 750"* Fah., a second equi- 
valent of oxygen is absorbed, aq^binoxide of barium results. 

Properties. — In physical appearance this substance resembles baryta, only its colour 
is slightly darker. It readily combines with water, forming a hydrate of uncertain 
composition ; by boiling this solution oxygen ga:» is evolved, and hydrate of baryta 
remains. ^ 

ISalts of Bajyta. — Sulphate of Ba)'yta. — This compound is foifhd in nature, and 
is also readily formed by artificial processes. Whenever sulphuric acid, or a sulphate 
is brought into contact with a solution containing baryta, or barium, in any form of 
combination, sulphate of baryta results, and is deposited. Ilativeosulphate of baryta 
is called heavy spar^ its specific gravity is 4*4. Sulphdte of baryta is remarkable for its 
extreme insolubility. In water, hot or cold, it is quite insoluble ; and pven hot nitric 
and hydrochloric acids dissolve but the faintest traces. Owing to the tendency of 
baryta to combine with sulphuric acid, solution of hydrate of baryta, and barytic salts 
generally are valuable agents for the separation, and quantitative estimation, of 
sulphuric acid. Conversely, sulphuric acid and soluble sulphates are employed for the 
separation and estimation of baryta. Sulphate of baryta is a compound of one equivfii-'* 
lent of acid and base; hence, every 116'64 parts of the salt correspond with 40 of real 
sulphuric acid and 7G’o of baryta. 

Nitrate of Baryta. — This salt is pf extensive^ application in the laboratory as a 
chemical rc-agent ; it may be prepared directly by saturating either baryta, or hydrate 
of baryta with nitric acid, and crystaUizin^ the solution by evaporUtion. i similar 
final result oscurs when carbonate of baryta is substituted for the preceding ; occa- 
sionally, however, in practice, nitrate of baryta is prepared from the native sulphate 
indirectly as follows. Native sulphate of baryta, finely powdered, is mixed with 
about one-tenth its weight of finely divided charcoal ; a sufficient quantity of oil is 
now incorporated with the mixture to form a stiff paste, which is heated in a cruciblu 
to redness. Decomposition ensues, and sulphuret (or sulphide) of barium, intimately 
mixed witli charcoal, remains. The mixture is now lixiviated^' with water, which ^ 
dissolves out the sulphide of barium and leaves the charcoal. Nitric acid is now added 
to the solution of srlphide of barium, by wijiich treatment further decomposition is 
effected ; hydrosulphuric acid being evolved, and nitrate of baryta formed. The latter 
salt may be obtained in crystals \)y evaporation. 

Carhonaie of Baryta. — This salt is found native, being known by the name of 
IFithet'iie; it may also be readily formed by the double decomposition of a soluble 
baryta salt, by means of a soluble carbonate, or by the transmission of carbonic acid 
g! s through a solution of hydrate of baryta. At a very high temperature carbonate of 
baryta fuses and evolves its carbonic acid ; but at a temperature short of fusion this 
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decomposition does not ensue : hence, carbonate of baryta twinot be made to yield 
baryta by the mere process of kiln-burning, as is case with Ume. ^ 

Svij^iiiea or Sulphurett of Banunu—^lhsxt are several of these compofunds, but the 
exact number has not been determined. Itfonosulphide of barium is a crystalline 
compound, it may be obtained by carefully evaporating the lixiviated residt of heating 
solvate o£ baryta with charcoal. Ihe higher sulphur obmpounds of barimn care more 
or less yellow, and nj^a^ be prepared bjr digesting a solution 9 ^ the monosdlphide with 
sulphur. * * 

Chloride of Barium , — This very important salt may be prepared by the direct satu- 
cstion of baryta, or carbonate of baryta with hydrochloric acid ; on eeraporating the 
oriation, chloride of barium is deposited, in the crystalline form. It contains one atom 
respectively of chlorine and of barinm, combined wjlh two atoms of water ; hence it is 
v^resanted by the formula BaCl + 2 HO. By the apj^ication ^f heat, the water is 
driven o£P and anhydrous chloride of barium remains. In practice, on the large scale, 
chloride of barium is prepared indirectly, by calcining in a reverberatory furnace a 
mixture of two parts of powdered sulphate of baryta, pnd one of chloride of calcium- 
The results of tlfls decomposition are sulphate of lime and chloride of barium. The 
latter being very soluble in water, whilst the former is dotj separation of riic two may 
he readily effected. 

Oeatral CharasterUtics of Baryta md its Comhinaiiom . — The two most loading 
characteristics of this class of* bodies have already been indicated — ^namely, their 
tendency to f^rm carbonate and sulphate of baryta. In addition to these peculiarities 
the following should be remembered by the chemist. The salts of baryta yield no 
precipitate with ammonia, provided ,the latter bo completely free from carbonic acid. 
The most likely substances to be mistaken for borytic salts in solution are solutions of 
lead and strontium, both of which afford white precipitates with carbonic acid and 
''carbonates, sulphuric acid and sulphates, resembling by general appearance those 
produced by barytic compounds. Lead, however^ the student will remember, is a 
ealcigenom metal ; its compounds blacken solutions of hydrosiflphuric acid or hydro - 
sulphates, which baryta and solutioi^ of barytic .salts do not ; thus between these two 
clBases there is a ready means of disWorion. As between solutions of barium and 
itiontiuBi, the hieans of distinction wilt be rendered apparent when strontium shal 
come under ohr notice ; meanwhile the fact ma;f be indicated that bardic eompounds 
havo Iho property of imparting a greenish tint to flame. 

I 

STSOimVM. 

Equivalent or atomic weight , . . = 43*8 

OoMoral This metal very closely rosembles barium in its genera 

qualities— a resemblance which holds good as between the various paralld eom- 
binatioas^of the two metals. The te:|^ strontia is derived the name of the 
locality Strontian, in Scotland, where the cu-bonate of the oxide of strontium (stzontia) 
is found native. There is also a native sulphate of strontia (oxide of strontium) ; its 
mineralogieal designation is celestint. 

Breparation , — Exactly like barium from baryta. 

lV(^/i> 9 .^Almo 8 t the same as those of barium. 

OovKpoupds of Strontitm with Oxygen^ Protoxide of Strontium, or iSfrairiM.— This 
earthy oxide is prepared by processes so exactly resembling those already enuraerated 
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under the head of bafjta that it is unneoessary to particularise them. Like baiyta, it 
foisns a crystalline hydrate with water, haTmg the o(»Dposi^ion of SrsO lOHO. 

Sinoxide of Stroniia may be procured by the addition of peroxide (biMixAde of 
hydrogen) to a solulaon of hydrate of strontia ; under which cireumstaaoes it depMsts 
in the form of small crystals. 

Sato of Stsomtla.. — ^Brotoxide of strontium, or atnainti^, performs ihe part d£ a 
very powerful bascf oembining with mostocids, and giving ris^to well-defined salto. 

Nitrat$ of Strontia. — This salt is prepared by parallel operations to those dready 
described under the head of nitrate of baryta. It voadily crystallizes ; if evaponated 
by appUcatioif of he&t, the crystals are anhydrous ; but if evaporated in vacuo, the 
crystals retain five equivalents of water. Nitrate of strontia is mutfii omphiyod in 
pyrotechnic art, for the purpost^^f communicating a redLtint to certain fireworks. 

Carbonate and Sulphate of Strontia. — These salts are exceedingly similar to those of 
baryta, and need no further description. A similar remark also applies to the tulpM^s 
(f strontia. Chloride of strontium may be prepared by processes conospoading with 
Ihofio employed for the prepasation of chloride of baiium, from w])ich it may he dis- 
tinguished by the property qf readily dissolving in alcohol, whereas chloride of barium 
is insoluble in that menstruum. Crystallized chloride of strontium holds six equi- 
valents of water, and its formula consequently isSi<3l + 6HO. 

General dkaraeteristics of Strontia and its Comblna^ons. — 1?he soluble con^unds of 
strontium and strontia, yield no precipitate with pure ammonia, but arc precipitated 
by carbonate of ammonia, and alkaline carbonates generally. Th^ yield a very 
insoluble white sulphate with sulphuric acid, and soluble sulphates generally, which 
can hardly be distinguished from sulphate of baryta, except by the aid of collateral 
tests. It is, however, rather more soluble in water than sulphate of baryta. Hfinec, 
if sulphate of strontia be boiled with water, filtevcd, and tested with a soluble salt 41^ 
baryta, sulphate of the latter base is generated. The other distinctive characteristics 
as between barium and strontium, and Iheir respective* combinxtiems may be thus 
stated : — 

Jiarium and Us Combinations.* * Strontium and its Combinations. 

Tinge flame green. ^ Tinge flame zed. 

Chloride, inpoluble in alcohol. Chloride, soluble in alcohols 

Chromate of potash gives a yellow pre- Chromate of potarii gives no precipitate. 

cipitate. Hydrofluosilicic acid yields no pweipi- 

Hydrofluosilicic acid yields a prccipitatCf. tate. 


Equivalent or atomic weight • « 20' 

General Remarks. — This metal is very widely difl&ised through nature jn the form 
dF oxide of calcium (Mme) variously combinei ; especially with carbonic and eulphuxic 
acids, constituting respectively carbonate and sulphate of lime. Calcium is obtained 
by processes similar to those for obtaining barium and strontium, and in physical 
appearance it much resemhhis these metals. 

Compounds of Caleiim with Oxygon. — ^Thcre are two known oxides of calcium. Q»e 
the well known protoxide^ or h'ms, tho other having the compositioa of Ga 0^ and, 
therefore, appropriately termed the binoxide or peroxide. 

Trotoxide of Calcium (kW).— This oxide is readily prepared by stroQiE^y heatiiig any 
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of the native carbonates of lime, such as Iceland spar, marbl^, chalk, or any of the 
various rocks to which the generic term limestone is applied. * 

When desired quite pure, the best material from which to obtain lime is Iceland 
spar ; but white statuary marble is nearly as pure, and far less expensive. , Absolutely 
pure lime may also be ebtained by calcining nitrate of lime, as was directed in the case 
of baryta and strontia.* Lime is whiter than either baryta or strontia, and, like them, 
highly caustic ; like them, too, it may ba precipitated from its acdu^ons by means of sul- 
phuric acid and sulphates, though not so readily ; and not except certain precautions be 
taken, which wiU be mentioned further on. From a consideration of these facts, we learn 
that carbonate and sulphate of lime are far loss insoluble than the* corrcd|)onding salts of 
baryta and strontia. Lime cannot be fused by the strongest furnace heat, and it is 
almost infusible in the oxy-hydrogen flame. Lime,*11ke^baryta and strontia, combines 
with water, and forms many hydrates. During this process of combination, much 
heat is evolved. When only sufficient water has been added to make the lime crumble 
to powder, the result is called slaked lime ; when enough is added to form a paste, this 
is called cream o^lime ; and a colourless solution of liffie in water is called lime-water. 
The quantity of lime capable of being dissolved by watei^is very minute, not exceeding 
one part in a thousand, and still less if the wai^>r be hot : for lime presents the remark- 
able condition of being more soluble in cold than in hot water. Lime-water, when 
prepared, must be preserved f«om atmospheric contact, otherwise it absorbs carbonic 
acid, and forms carbonate of lime. The applications of lime are numerous and im- 
portant. It Cbnstitutes the basis of all aerial, and the greater number of subaqueous 
mortars, and is extensively employed as a fertilizer. The theory of the hardening of 
mortars partly depends on the lime ffl)sorbing carbonic acid, and bc(;oming carbonate, 
and partly on its dissolving silica, and generating silicate of lime. When the latter 
A/‘ompound exists below a certain limit, the mortar is readily disintegrated by water, 
but when the quantity of silicate of lime preponderates, and more especially where it 
is mixed with certain amounts of silicate of iron and alumina, it is no longer attacked 
by water, and thus forms a subaqueous cement. 

Sulphate of Lime . — This compounl may be directly formed by the addition of sul- 
phuric acid to lifuo or carbonate of lime, rr by mixing any soluble lime or calcium salt 
with siflphuric acid or any soluble sulphate. ^ ^ 

The remark has already been made, that sulphate of lime is far less insoluble than 
the sulphates of baryta and of strontia ; one part, in point of fact, dissolves in about 
300 of water, hence lime does not admit of <>eing completely thrown down from a mere 
aqueous solution of lime salt by mere addition of sulphuric acid or a soluble sulphate. 
If ^Icohol, however, be added to the solution in certain proportions, the sulphate of 
lime may be completely deposited, a circumstance which is frequently taken advantage 
of in analytical chemistry. 

It id the native sulphates of lime, however, which claim most especially our atten- 
tion. Native sulphate of lime occurs in two forms — anhydrous and hydrated. The 
former is known by the mineralogical term anhydrite^ and the latter is called Plaster 
of Paris^ or Qypsum, This compound, when quite pure, is a binhydrate, and is, there- 
fore, represented by the formula Ca^, SO 3 2 HO. It is rarely found quite pure, 
however, generally containing variable portions of clay and carbonate of lime. T^en 
gypsum is carefully heated at temperatures from 2 d 0 ° Fah. to 270*" Fah., its water is 
evolved, and anhydrous sulphate of lime remains. This latter substance is much 
employed for the purpose of taking casts, and the theory of its action is simple. It 
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chemically unites with water, and again returns to the condition of hydrated sulphate 
of lime. Occasionally gelatinous matters are dissolved in the water employed, and for 
somt purposes alum is calcined with gypsum. Alun^plaster does not set very quiddy, 
but, when once set, the result is more hard and durable than ordinary hardened plaster ; 
it is therefore prefcr^le for certain purposes, and being somewhat transparent, it is 
more elegant. , 

Carbonate of Lim^ — Whenever lime-water is exposed to th»action of carbonic acid, 
either alone or mixed,* or wdiencvcr it soluble salt of lime or c Acium is mixed with a 
soluble carbonate, carbonate of lime results. Native carbonate of lime, however, is of 
the greatest importance, and is very widely diffused through nature. Not only docs it 
constitute large portions of the^ crust of the earth, but it is diffused in minute quanti- 
ties throughout the members of the animal and vegetable kingdoms. Native carbonate 
of lime may be crys^lized qr amorphous. The former* is found in two crystalline 
systems, constituting two minerals, known respectively as Iceland or calcareous spar, 
and arragonitc. The former belongs to the rhoml^ohedral system of Weiss and Mohs, 
the second belongs to the right rectangular prismatic system. 

The amorphous varieties (ff carbonate of lime arc far too ; numqrous for individu- 
alization. The purest varieliy is white statuary marble. 

Carbonate of lime does not dissolve ftr pure water in any appreciable quantity ; but 
it readily dissolves in water containing carbonic acid. This /act r/mders easy of com- 
prehension a frcqrrently-obscrvcd phenomenon, occurring when certain waters, rich in 
carbonic acid, and filtrating through calcareous beds, are boiled. Under these circum- 
stances, a crust of carbonate of lime is deposited, owing to the evolution by heat of 
the carbonic acid in which it was dissolved. On the small scale, boiling becomes 
an efficient means by which carbonate of lim<f may be caused to deposit from the 
waters in question ; Wt to large bulks of water it is obvious this treatment will not 
apply. 

To Dr. Clarke, wo are indebted for another plan of accomplishing the same result. 
Instead of dissipating the excess of carbonic acid by Seat, he removes it by the 
addition of a further amount of lime, by which treatment the original amount of 
super-carbonate of lime (whatever be its caffet atomic constitution) is reduced to 
the state of monocarbonato ; being thus mecessarily rendered insoluble in water it 
deposits. 

Phosphates of Lime. — ^There arc numerous compounds of phosphoric acid, in its 
three modifications with lime. The chief phosphates of lime which have been studied 
are the following. 

Biphosphate of Lime^ improperly so catted, — This salt has a formula of (CaO + 2HO) 
PO5, and is generated by treating bone earth with sulphuric acid, separatii^g the 
sulphate of lime which deposits, and evaporating the filtered liquqi;. The phosphate ix^ 
question then crystallizes. 

Pliosphate of Lingy having the formula of^ (2CaO + HO)POg -f* 4HO. • Tjiis salt is 
generated by adding ordinary commercial phosphate of soda (2NaO + IIO)POa -j- 24HO 
to any soluble salt of lime. It is a white gelatinous substance. 

Phosphate of LimOy having the formula of SCaOPOg.— This salt may be prepared by 
digesting the preceding compound with ammonia, which dissolves a portion of phos- 
phoric acid ; or by adding an excess of phosphoric acid to a solution of chloride of 
calcium, and supersaturating the mixture with ammonia. This is the phosphate of 
lime which exists in bones, and also in a native mineral species termed apatite. Bone 
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ashes are composed of this phosphate, mixed with carbonate of li^e in the proportions | 
of ^ths and Jth. 

Metaphasphate of Lime. — ^Thia ^t is represented by the formula CaOj PO5, ancf is 
generated by heating the biphosphate (CaO + 2H0)P05 to redness. 

Chloride of Lime, improperly so called. Wh^n slaked lime is exposed to the action 
of chlorine, the latter is ^absorbed, and a pulverulent material, Ijnown in the arts as 
chicride of lime, results, ^"he material is extensively employed in bleaching operations, 
in some varieties of canoo printing by tlie process of discharffe^n.B*\t is appropriately 
termed, and for numerous other purposes. The so-called chloride of lime of commerce 
is not a definite compound ; but the material on which the effective property depends 
is hypochlorite of lime. If commercial chloride of limp he treated with water, hypo- 
chlorite of lime is dissolved out. It may be also directly formed bj*- the admixture of 
hypochlorous acid with cream— or milk — of lime ; the latter must, hojvevcr, bo in excess, 
otherwise the hypochlorite of lime is decomposed into chlorate of lime, and chloride 
of calcium. ^ , 

Chloromeiry, — This term may be correctly applied to the estimation of chlorine 
generally — ^more usually, however, it is restricted to the specific case of estimating 
the effective amount of chlorine in commercial hleachi»p:-powder, or the so-called 
chloride of lime. I’ho first method employed %’as based on the estimation of the 
amount of indigo sijscepliMe of decolouration by treatment with a definite amount of 
hleaching-powder ; hut that procete having been found incorrect, it has given place to 
a process founded on the property which chlorine has of converting arsenioMs into arsemV 
acid. The following proportions of materials are recommended by Sir Robert Kane, 
and are found to answer wdl in practiee. Dissolve 100 grains of arscnioiis acid in 
2000 grains of strong hydrochloric aci^, and the liquor diluted with distilled water 
until it occupies the volume of 700 grains of water. The liquid thus constituted is the 
Is'C^iddard test liquor, whicli is used as follows : — Diffuse 100 grains of the commercial 
substance to be examined through 1000 grains of water, and pour upon it the test 
liquor from a graduated glass tube into a deep jar, continually agitating the mixture. 

Continue the operation of pouring and agitation, 
untrf the decolouring power of the mixture is com- 
pletely Jiestroyed, a result which is known by 
testing it, from 4ime to time, with a droy of solution 
of sulphate of indigo. Tho absolute quantity of 
effective chlorine present in 100 gi*ains of com*- 
mercial clfioridc of lime examined, is known by 
dividing the quantity (measure) of the test liquor 
employed by 100. 

Another process, equally good, is as follows : — 
300 gi'ains of crystalline and d^ sulphate of iron 
are to Ije dissolved in the requisite quantity of water 
for bringing the solution to the volume of 6000 
grains of water ; this is the standard, or test solution. 100 grains of tho commereial 
sample are now weighed out, diffused through water, and the solution of sulphate 
. of iron added in the slightest possible excess, an event known by the solution taking 
a blue colour when tested with prussiate of potash. By dividing tho quantity 
(measure) of sulphate of ireu employed, by 100, the quantity of available ehlorine 
pMsent is arrived st. On tho large scale, bleaching»powder is prepared by generating 
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chlorine in a leaden sutill, to which an apparatus for stirring, without admitting 
I atmospheric air, is attached. 

The best samples of commercial blcaching-powder contain about 30 per cent^ of 
chlorine. ^ 

CifZciMTO /Sw/pAttr.— Sulphates or lulphurets of calcium. Of these bodies there 

are several, but none are of any great importance. 

Cakium with Chlomne^GtiLoxidiO of caleiumy There is only'cyie known compound 
of chlorine with calcium, and it is of great importance, both as a laboratory agent, and 
i in several arts and manufactures. 

j Treparation^-^h-vn. hydrochloric acid is saturated with lime, hydrate of lime, or 
carbonate of lime, and the mirdture evaporated to the necessary extent, crystals are 
; deposited having the following formula — Ca Cl + 6HO. They may be regarded as 
liydrochloratc of lim«, or chlcride of calcium, according to the theory of their constitu- 
; tion adopted. By fusing these crystals in an iron, or still better a platinum vessel, all 
' the water is expelled, and a fused residue remains, which can be no otbos than chloride 
j of calcium. If the crystallized salt be heated merely to 400° Fah., a porous mass 
i remains containing only two atoms of water. In this state, as wellfas rendered com- 
' pletcdy anhydrous by fusioft, chloride of calcium is of extensive application in the 
; laboratory as an agent for accomplishing the absorption of wattir. Crystallized cblo- 
; ride of calcium develops a low degree of temperature during the, act of solution in 
water, and for this reason frequently enters into the imposition of freezing mixtures. 
Chloride of calcium readily dissolves in alcohol, and when the alcoholic solution is 
, evaporated, crystals deposit, holding a portion, at present imknown, of alcohol in their 
' composition. ^ 

} Cakium with Fluorine (Fluoride of Calcium). — This is the well known Fluor, or 
1 Derbyshire spar, so called on account of the property which it has of increasing the 
; fusibility of many otbor mineral substances when heated in admixture with them. ' ' 

i General characteristic distinctions of Cakium compounds . solutions arc not pre- 
cipitated by ammonia^ but arc readily precipitated by alkaline carbonate. They impart 
j a tawny orange tinge to flame. , 

When diluted considerably they no longer afford a precipitate with sulphuric add, 
and soluble sulphates. * 

They yieM a white predpitate ITith oxalic acid, and oxalate^ of aflimonia, nearly 
insoluble in water, and in an excess of oxalic acid. Oxalic acid and oxalate of ammo- 
nia may be regarded as the chief separative agents for lime out of the various caldum 
solutions. 

MAGNESIUM. 

Preparation . — By decomposing anhydrous chloride of raagnesium with potaatiiuB. 
or sodium. The decomposition may he effected in a platmum orudble having its lads 
tied firmly down. A red hc-at is required. 

Properties, — w]|ite metd, something silver in appearance, not* perceptibly 
oxidised by cold, but rapidly by bdling water. 

Magnesium and Oxygen. Oxide of Magnesium (Magnesia). — This is the only cm*- 
pound of oxygen and magnesium known. It results whenever magnesium becennes 
oxidised, but is prepared in practice by calcining native carbonate of magneda, ateby 
exposing nitrate of maghesia to an elevated temperature. 

Pi'operiies , — A white powder infusible in the highest fiimace heat, more isaohible 
than lime in water, and manifesting a distinct alkaline reaction on test-papers. 
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Magnesia with Sulphuric Acid (Sulphate of Magnesia). — Thrs is the well known j 
Epsom salt, so called from being a constituent of water drawn from a spring in ^hat ' 
locality. r | 

Preparation. — Directly by saturating dilute sulphuric acid wiU^ magnesia, its car- : 
bonatc, or the hydrate of its carbonate ; also hj treating magnesian limc-^tohe with | 
sulphuric acid, the difference between the solubilities of sulphate of lime and sulphate 
of magnesia constituting an easy means ,of effecting the 8cp£gp(jtK)a of one from the 
other ; indirectly from the sea-water, from which common salt has been deposited. 

Sulphate of magnesia forms prismatic crystals, the composition of which is repre- 
sented by the formula Mg Oj SO3 -j- 12 HO. It combines with alkaline sulphates 
forming double salts. • 

Nitrate of Magnesia. — May be found by the direeV •process. It is an exceedingly 
deliquescent salt, completely decomposed at a red heat, puve magnesia in a dense form 
remaining. 

Carbonate of Magnesia. — Large qlantities of this material are found in nature, both 
pure, and as a constituent of Dolomite (magnesian limq-stono). For the most pprt 
pure native carbonhtc of magnesia is amorphous, but crystalline specimens exist. A 
so-called carbonate of magnesia is produced a^ificially Uy decomposing solutions of 
sulphate of magnesia by the addition of an alkaline carbonate. The white gelatinous 
substance depositetkia, however, not pure carbonate of magnesia, but that substance 
mixed with variable portions of lij'drate of magnesia. Carbonate of magnesia, like 
carbonate of linqp, is soluble in excess of carbonic acid. 

Phosphates of Magnesia. — There are numerous i^hosphatcs of magnesia, most of 
which have been imperfectly studied. * They are all inferior in interest to the double 
phosphates of ammonia and magnesia, two of which have been individualized. 

The first has a composition of 

[2(NH3, HO) + noji’Oii + (2MgO no)P05 + eno, 

and may be formed by the addition of a solution of ammonia in ordinaiy phosphoric 
acid to a hot solution of sulphate of magnesia. The second, having the following 
composition, is of most importance : — •• * 

NH3 no + 2M^)ro3 + Clio. 

It may be generated by adding, firstly, solution tsf sal ammoniac, tlicncimmonia, to 
a solution of sulphate of magnesia. The salt which deposits is completely insoluble 
in the generating fluids, and hence affords a ready means of separating magnesia from 
other bodies in analytical researches. The precipitate, however, is somew'hat soluble 
in water, for which reason the filter containing it must be washed with the smallest 
^ practical quantity of that liquid, or still better, with a solution of sal ammoniac, in 
irhich the precipitateais insoluble. This double phosphate of magnesia and ammonia 
is occasionally found as the constituent of certain human urinary calculi. 

SUieaUs iff Magnesia. — ^Various silicatc%of magnesia occur natui^Iy. Meerschaum, 
talc, and serpentine arc familiar examples. Magnesian minerals are characterized by 
giving the impression of soapiness when touched. 

Magnesium and Chlorine. — Chloride of Magnesium. Only one compound of these 
elements is known. It derives a certain interest as being the material employed for 
the production of magnesium. 

Preparation. — When magnesia, its carbonate, or its hydrate, is added to hydro- 
chloric acid until saturation of the latter has been effected, and the resulting solution 
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is carcliilly oyaporatc4) a ciystallme mass results, which is analogous, in its general 
natjire, to crystallized chlorine of calcium. Theoretically, wo might infer that the 
crystals in question should yield, when heated to the required extent*, anhydrous chlo- 
ride of niagnesiuni-^racticall)', however, the latter body cannot be obtained in this 
manner; it sutlers decomposition, evoWes hydrochloric acid, and leaves magnesia. 
Chloride of magnesiuni, however, may be obtained pure and anhydrous in the follow- 
ing manner Add Al^j;nmouiac to concentrated solution magnesia in hydro- 
chloric acid, and evaporate the mixture to dryness. Place the dried result in a 
platinum crucible, and heat the latter to redness. The fixed and fused result is pure 
chloride of magnesium. 



General Characteristics distinctive of Magnesian Solutiom , — ^They yield a white, 
gelatinous precipitate, with alkaline carbonates. 

They yield a white precipitate with ammonia in solution, perfectly neutral, and 
free from ammoniacal salts. If the latter be present, however, precipitation of ammoRJdP 
docs not occur. • 

They yield a preoipitate with lime-water. 

They do not yield a precipitate with sulphuric acid, or sulphates, except their 
solutions be exceedingly strong. 

Evaporated to dryness, the residue, moi(itcned with nitrate of cobalt, and heated in 
a blowpipe fiftme, a rose-coloured tibgc is produced. 

ALUmNIUM. 

Equivalent or atomic weight . . 13*7 

Specific gravity 2*6 


This metal is an extensive constituent of the inorganic wo4d. It enters largely 
into clays and marls, and few rocks, understanding that term in the geological sensc) 
are without it. ^ 

Reparations — ^Aluminium may be prepared by decomposing chloride of aluminium 
by means of potassium or sodium, and washing away the resulting alkaline chlorido* 
with water ; in which liquid aluminium is unalterable at any temperature. 

Until lately aluminium had only been prepared in small quantities, and was but 
little studied ; within the last year, however, a process for manufacturing it on the 
large scale has been instituted, under the auspices of the Emperor of the French, by 
M. St. Claire Deville. Several bars of aluminium have now been produced, and some 
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notions formerly entertained respecting it have been discoycied erroneous. For 
example, the impression was formerly entertained that aluminium could scarcclyibo 
fused by the strongest furnace heats, whereas it is now found to melt with almost the 
facility of silver. Formerly, too, it was believed that aluminium, would tarnish by 
exposure to watery vapour and general atmospheric influences ; that notion, too, has 
been found inoomoct. 

The method of prqj^hcing aluminiui^ by M: St. Claire DovjUb is essentially the 
method formerly known — namely, by the action of sodium on chloride of aluminium. 
Votassium would have equally answered the purpose, as we have seen, had consider- 
ations of economy not interfered with its extensive application. •Hithento no method 
has been devised for materially lessening the cost of Ihc prodiiotion of potassium ; 
sodium is, however, now procurable at Paris for about, ten shillings per lb. avoirdupois. 
It is generated, in point of lact, with scarcely greater difficulty ‘'than zinc. It is 
owing tQithc extreme cheapness of sodium more than any other reason that M. St. 
Claire Dcwille has been enabled to obtain aluminium in comparatively large quantities, 
for his actual proccssj of manufacture involves no ne^ principle. He at present 
employs iron tubes 'in which to effect the daoomposition of chloride of aluminium by 
sodium ; but this is a contrivance which he infor^ns us Ica'fes something to be desired. 
Chloride of aluminium employed in the process of aluminium manufacture will be 
described farther on.- 

ALUMINIUM WITH OXYGEN — OXIDE OP ALUMINIUM OK ALUTlIlNA. 

The only kn(?wn compound of aluminium with oxygen is alumina. 

Vreparation. — (1). By the addition of carboimte of ammonia to alum. 

( 2 ). By strongly heating ammoniacal alum. 

Froperties . — A white powder, insoluble in water, easily dissolved by a solution of 
^^'.sh, soda, strontia, or baryta, except it have been heated to redness, when its 
solubility in these agents i^ destroyed. Ammonia dissolves it also to a trifling 
extent. It is soluble also in acids to a large extent, if it has bten recently thrown 
down, but slightly if it has been consolidated by ^heating. Alumina, coloured with 
various calcigcnous metallic bodies, is Ybund crystalline in nature, forming beautiful 
gems, of which th»Tuby and the sapphire xa^y be cited as examples. 

Considerable' difference of opinion has existed camongst chemists as t9 the atomic 
constitution of alumina. Being the only known compound of aluminium and oxygen 
it might be inferred to contain a single atom of each. This assumption is, however, 
not believed to accord with the truth. Alumina is considered to be a compound 
of AI 2 O 3 . The percentage composition of alumina is as follows : — 

Aluminium . . d3*27 

(ktygea 46*73 

100*00 

V •* 

GHLOKINE AND ALUMINIUM— CHLOKIDB OP ALUMINIUM. 

Alumina readily dissolves in hydrochloric acid ; hut chloride of aluminium caBoiot 
be obtained by evaporating the solution to dryness. When thus treated, a similar 
decempositioii takes place to that already described under the head of chloride of 
magnesium. 

Pr^parittioHi — Freshly precipitated alumina is intimately mixed with some hig^fly 
I carbonaceoits substanee, such as charcoal powder, sugar, tar, &c., and the whole made 
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I into a paste with oil, i^ it have not the necessaiy consistence without. The mixture i 
; is n^t formed into pellets, which are to be dried, Snd strongly calcined in a crucible. ! 
; These pellets being thrust into a porcelain tube nyi through a lighted furnace, and ! 
i dried chlorine gas transmitted, chloride of aluminium passes over, and may be con- j 
I donsed into a ciystalfine mass by applying cold externally to the receiver. i 

Properties. — A strj^w-colourc.d body, solid and crystalline? at ordinary tempera- j 
! lures ; very prone totf ombine with water, from which, when qptice united, it cannot be ' 
i separated by any known*mean3. | 

! ALUMINA AND SULPIIUHIC AtiD (SULPUATE QV ALUMINA). \ 

i 9 * . • ! 

I Preparation . — By saturating dilute sulphuric acid with frcshly-precij>itated hydrate i 

i of alumina (alumina plus water), and evaporating the solution. j 

Properties. — Crystallizes \\iih 8ifficulty in thin plates ^ soluble in twice its weight ! 
i of water at 60° Pah. It aifocts litmus pai)cr like an acid, and possesses a sweet and i 
‘ somewhat astringent taste. By a red heat it is decomposed, alumina being left. The ! 
alumina thus generated, liowovcr. is liable to he contaminated with a small portion of 
sulphuric acid. 

Perhaps the most remarkable, and certainly the most important, property of sul- 
phate of alumina is its tendency to unitC with a second sulphate, and generate for each 
; secondary combination a double salt. I'or example, there is^a compound of sulphate 
! of alumina and sulphate of potash ; another compo«nd of sulphate of alumina and 
I sulphate of soda ; a third of sulphate of alumina and sulphate of iron ; a fourth of 
sulphate of alumina and sulphate of ammonia. To all the double sulpbdlos in question 
• the generic name of alum is applied. Ii^ this way wc have potash alum (which is the ! 

; salt commonly termed alum), soda alum, iron alum, ammonia alum, and some others. | 

I The atomic constitution of potash alum is as follows : — 

! Al.^ Oa, 380., + KO, SOo + 24nO. 

It is a salt of great importance in the arts, and is extensively manufactured on a very 
large scale. The ravi^ material employed in the alum manufacture is alum slate^ or 
, alum clay, as it is sometimes termed. Alum slate is a compound or mixture of alumina, 
silica, and bisulphuret of iron. This being roasted, and exposed to air and moisture, it 
speedily disintegrates into powder. By thisj^eatment the bisulphurei of iron becomes 
transformed into the monosulphate #f &at metal, and the alumina iiiAo sulphate of 
alumina. The solution being concentrated, chloride of potassium^is added ; by which 
treatment protochloridc of iron and sulphate of potash result. The latter combining 
with sulphate of alumina, alum is geneilited in a solution of protochlorido of iron* 
The latter material is very soluble, and ddes not crystallize readily ;• whereas alum 
can he crystallized by evaporation without difficulty. Hence this substance m«y be 
freed from the solution of chloride of iron by taking advantage of the property in^ 
question. In order to be pure, however, it requires to be redissolved and rccrystallized, 
once at least, if not t^ice or more. For manjf purposes to which alum is* applied in 
the arts, the presence of iron would be a disadvantage. Homan alum, generated by 
the natural decomposition of felspar, is celebrated for its complete freedom from iron, a ‘ 
quality which used to render it valuable ; but since improved methods of chemical 
treatment have been adopted, alum prepared by artificial processes is turned out 
remarkably pure. 

Potash alum crystallizes in forms, usually octohedrol, belonging to the iessular or 
cubic system of 'W’eiss and Mohs. It has a peculiar astringent taste, and manifests an 
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acid rcactiuii on tcst>papcr. It is soluble in its own 'weight of foiling water, and in 
18 parts of water at 60'’ Fah. Burnt alum is the result of heating potash alum until all 
its water has been expelled. Exposed to a still higher temperature, sulphuric acid is 
evolved and the salt is decomposed. 

Soda alum may be prepared like potash aluxp, by substituting chloride of sodium for 
chloride of potassium in* the process of manufacture. It rcscipbles potash alum in 
crystalline figure, tastcj vud general properties. ^ t 

Ammonia alum is very similar to potash aliim in all its pliysical and many of its 
chemical qualities. 'When strongly heated it is decomposed, the sole fixed result being 
alumina, if the operation have been conducted with adequate cavp. It,^s liable, how"- 
ever, to retain a little sulphuric acid ; and for this rcaqon the alumina resulting from ! 
this mode of treatment cannot be relied upon for extrepao purity. 1 

Distinctive characteristics 6f Aluminium Compounds in* Solution^, — ^They all yield a j 
precipitate willi ammonia. Solutions of caustic potash and soda yield a precipitate ■ 
soluble in cx(Jfegs of the precipitating^ngent. They are precipitated by lime-water, also , 
by alkaline 'carbonates— not, however, as carbonate of alumina, but as the hydrate of | 
that earth, also bytalkalinc hydrosulphatcs. * ! 

Mixed with nitrate of cobalt, and heated in the blow-pipe jet, a blue colour is i 
developed. ^ 

I 

GLUCINUM OK GLUCINIUM, TIIOUIUM, ZIRCONIUM, YTTKIUM, EKltlUM, AND TEKBIUII, 
CERIUM, LANTHANIUM, AND DIDYMIUM. 

I 

These metals arc so exceedingly rare, and so seldom enter into the ordinary routine 
of chemical inquiries that an elaborate description of them is unnecessary here. They 
constitute the respective metallic radicles of oxides which arc earths, and arc designated 
bx changing the final urn of the respective metals into a. Tdkc aluminium and mag- j 
nesium, the respective chlorides of the metals in question, yield up their chlorine when ; 
treated in close vessels wKh potassium or sodium. The oxide of glucinium, or j 
glucina, exists naturally in several minerals, chiefly varieties oF the emerald, which j 
substance may be regarded as a double silicate 'of alumina and glucina. Glucina j 
resembles alumina in its general properties^ but it difiers from that earth by its capa- | 
bility of dissolving in solution of carbonic of ammonia, also by the sweetish taste 
possessed by its soluble compounds; hence the terms glucinium and glucina^ from 
yXvKvs, sweet. Glucina does not, like alumina, form alums, nor docs it yield a blue 
colour when mixed with nitrate of cobalt, anf heated in the blow'-pipe flame. Zirconia 
{oxide of zirconi^ni) derives its name from the mineral termed zircon : it is a silicate of 
zirconia, 2 Zr 2 O 3 , 8 i O 3 generally mixed with small amounts of oxide of iron. Zir- 
' conia'is precipitated by caustic fixed alkalies, but docs not dissolve in an excess of the 
^precipitant, — a characteristic by which it may be distinguished from alumina and 
glucina. Jitorina (oxide of thorium) was discovered by Berzelius. Only two 
minerals, thorite and pgrochlore^ both yorf rare, are known to coiftain it. Thorina is 
perhaps the heaviest compound in nature, with the exception of metallic alloys — its 
specific gi’avity being no less than 9*4. Its sulphate has the rare quality of being more 
soluble in cold than in boiling water. Yitnuin^ erbium^ and terbium arc found respec- 
tively in the three rare minerals gadohnite, <xthite^ and yttrotantalite. Cerium^ lantha- 
nitm^ and didymium are found associated in several minerals, but most especially in the 
mineral known as ceritc. 
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CERAMIC •WARE— rOTTEaT JftID POHCBLAIN. 

Haying discussed the properties of kaligenous ^and terrigenous metals, it is now 
time to enter upon ^he consideration of the series of remarkable compounds, or rather 
a mixture I)f the compounds, which in tjie aggregate form the various descriptions of 
ceramic or potters* ware. The term ceramic, in its generic senke, applies to the materials 
of the potter's art; «t has reference to compounds of very jiflferent value, from the 
low-priced brick to the costly produeftons of Sevres, Dresden, (5hina, and Japan. 

General Few nations, whether savage or civilized, have been without 

some kinds o^ceramic ware. Vessels of this material are found in the islands of tho 
South Sea : they were manuffctured by the ancient Aztecs. The ancient Greeks and 
Komans brought the manufact^ to a high degree of excellence, though they never 
appear to have progressed so far as the Assyrians and Dlibylonians. The manufacturf^ 
however, of the greatest triumph of ceramic art, poreelaitiy was, until late times, a secret 
known only to the inhabitants of China and J api|p. Much difPcrenco^ »f opinion still 
exjsts as to whether specimens of real porcelain were ever seen by the ancient Greeks 
and Romans. Some authors maintain the affirmative, and belies that tho so called 
Murrhinc Vases, concerning which we read in Roman authors, were nothing else than 
specimens of real Oriental porcelain. * I am disposed, however, to think, taking all the 
circumstances of the case into consideration, that they were^not of porcelain, and that 
the opinion of Dr. Thompson, who assumes them to have been vases of Derbyshire spai*, 
was correct. In a manual of non-applied chemistry, such as this, no detailed account of 
the numerous varieties of ceramic ware can be offered. The following general principles 
will, however, give the reader an insight into the nature of these productions. 

Alumina is amongst the most infusible of compounds, but when combined with 
silica (silicic acid), as we find it in clay, and more especially when combined with 
oxide of iron, and of other calcigenous metals, or vrith the fixed alkalies—its degroft^ftf 
fusibility is increased. Hence ijlays naturally existing are more or less refractory 
in the fire, the degree of their refractoriness being in proportion as the total amount of 
alumina predominates. By taking advantage, then, of this circumstance, the ceramic 
manufacturer has it in his power to producd'fictilo materials which shall be capable 
of almost any degree of igneous agglomefition up to tho point «f complete fusion ; 
when the rd^ult ceases to be potteif’ in any sense, and becomes glass. 

Now, pure alumina, or a mixture of alumina with silica, or bf these with the fixed 
alkalies, may be exposed to any degree of heat without suffering any diminution of 
their whiteness ; but if oxide of iron sliould happen to be present, as is usually the 
case in most natural clays, the result will be coloured more or less ved, as we find in 
bricks and tiles. It follows, therefore, that white ceramic ware only admits of being 
prepared by one of two methods : either by utilizing materialsenaturally existing, jjy * 
by forming these materials artificially. The latter case involves a somewhat advanced 
acquaintance with #:hemical principles, hegee the manufacture of white^esamic ware 
was long confined to privileged localities, and the best description of white ceramic 
ware (real porcelain) was long a monopoly of China and Japan. 

Coloured Ceramic ware . — Familiar examples of these are seen in our modem bricks 
and tiles, but it was brought to the highest degree of perfection by the Greeks anterior 
to tho time of Alexander the Great ; also by the Etruscans. Tho latter people chiefiy 
excelled in the manufacture of coffins made of this material, and the Samian Greeks 
in the manufacture of vases. 
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Ancient classic vases arc of two kinds— ^plain and omanoented. Of the latter, j 
again, there are two distinct varieties — red ornamentation on black ground, and black 
ornamentation on red ground. Both varieties of ornamental vases were raucli prized, 
and seem to liave been only employed for religious uses. Th«ir manufacture had 
arrired at its highest dej^ree of excellence at e period anterior to the sway of Alexander | 
the Great. This conqueror was the first to introduce into Grdecc the gold and silver | 
vessels, whidi diminv^d the value o1^ omatq^ental ceramic* vaSes, and caused their 
manufacture to languish, and eventually to bo discontinued. In the time of Augustus 
they had already begun to be spoken of as ancient vases, to be sought in tombs and 
treasured in museums, just as moderns do now. 

7P%ite Ceramic ware . — It is a subject of deep regret that the classic nations were | 
limited in their ceramic productions by the nature^ the material at their disposal. 
They had only clays which would bum red ; therefore, iifhcn thejf had fashioned them 
into elegant forms, and painted these with black figures, their resources of ceramic orna- 
mentation wci^ exhausted. Two practical means of surmounting this difiiculty arc 
alone possible, — cither coloured ceramic ware must bfvovcriaid with a white optquc 
varnish, or enamcx, or tho body of the material must be white ; neither resource was 
possible to the ancient Greeks and Bomans, j;hough, as will appear in the sequel, 
the former expedient was known to the Assyrians and Babylonians. Objection may be 
taken to the classification of red pottery, white- enamelled, with white ceramic ware ; 
nevertheless, for convenience of general classification, that scheme may be adopted. 

Red Rettery^ white-enameUed [Majolica ware).-^-^Th!d term majolica is derived from 
Majorca, the locality in which the variety of pottery under consideration was first 
established by the Spanish Saracens,, amongst whom it was brought to a high degree 
of excellence ; subsequently the same kind of material was manufactured iu Italy, and 
some of the greatest Italian artists were employed in embellishing it with their 
"^igns. Italian majoHca, however, is not valued so highly amongst dealers as the 
real Moorish majolica. Thw principle on which the construction of majolica ware is 
ba^cd is simply this : — common red pottery being unadapted t(f give effect to chro- 
matic ornamentation, its surface is co^red with an opaque enamel, chiefly composed 
of oxide of tin, which totally conceals the underlying material, and gives the painter 
full scope jbr his ticsigns. Of this kind art thq aml^oe or coloured tiles, found in the 
Alhambra, and othqr Moorish constructions, ft is commonly thought that the 
Saracens invented this beautiful ware ; but riie recent discovery of a tm-enaraelled tile, 
ornamented with paintings, in the ruins of Kjneveh, diminishes ihe probability of tho 
assumption. It is by no means unlikely that the secret lingered in some Asiatic 
Toeess, and was^eamed by the Arabs before their irruption into Europe. 

Rsre^in . — Of this material two distinct kinds are recognized — ^hard and soft 
^OFoelain. To the former belong the white ceramic productions of China, and 3^apan, 
Dresden, and Kew S&vres ; to the latter the wares of Old SHres, Madrid, Chelsea, 
Bow, and some other localities. The disl^ction, however, is mdre arbitrary than is 
commonly imagined. 

We have already seen that in proportion as silica, alkalies, and calcigenous acids 
enter into the composition of pottery, so is it rendered more ^sible and more soft. 
Theoretically, therefore, the limits between hard and soft porcelahi should not be well 
defined. Practice confirms theory in this respect Tho white ceramic wares of China 
and Japan have been considered the type of true or hard porcriain. Neverihriess, 

M. Ebelmen and others have satisfactorily demonstrated that it is less hard than the | 
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I productions of Si^es at the pceaent time ; in point of ftict, the€hine8e add portions 
< of potash to their silicated paste, which European manufacturezB of ponselata do aot. 
The sort of potash employed for this pnrpoie amonpt the Chinese is fm aaliaa. j 

materials employed by Chinese in their poro^in manufaetnre strictly confatm 
with chenvcal requlreiiients. The alnxnwns staple is furnished by decomposed fetopar, 
and is called by the i^tifos Jcadki ; the ailiceous material is lAiowa by them as petume. 
The Dreadon, or ra^r Meissen porodain, is aaa&nfactured fijm a bod of day aatarally 
existing, which nee^db silieeoiu adiliiztiire? 

Fertektin . — Before the chemical constitution of hard or oriental poreeUin was 
understood, and the^ materials for making it in Europe rendered available, various 
fictitious pastes took its place. They differed in their constitution in different manu- 
factories; hut they all consisted of white clay, mixed with materials having the 
property of ready ^sibility, suJh as powdered glass, horax, oxide of lead, &c. By 
this a^ixture the natural tona'jity of clay, rendering it so valuable to the potter, 
enabling it to be readily turned wet on the whe^ and moulded into^ibrms, was lost. 
Other adventitious mixtures were rendered necessary, such as sisc, soap, &c., to 
I imfiart the necessary tenacity. Notwithstanding all this preparadon, vessels of soft 
porcelain could not be completely finished wet ; they had to he turned dry, and this 
was an operation very detrimental tO the workmens’ health. This manufiicturc has 
now disappeared. 

i Faience or Farthenware, — The term porcelain, orochinaware, is usually xestricted to 

I the material which is semi-transparent, and breaks with a conchoidal fracture. Both 
{ hard and soft porcelain, though different as to chemical compositiSn, agree in this i 
I respect ; hut our Staffordshire ware, which is universally admitted to he the finest 
I description of earthenware, is opaque, and thebonchoidal character of fracture is in it 
I wanting. The chief peculiarity of this material oonsists in having a portion of bone- 
j earth intimately mixed with the siliceous, and aluminous materials, properly coiwt5» 
tuting a ceramic material. The presence of this bo^-carth adds to the quality of 
whiteness, and produces the due amount of semi-fusibility. Staffordshire ware is not 
equal in beauty to porcelain, either hard or soft, but it is less expensive than either, 
and combines in an eminent degree the qualitibs of beauty and utility ; services of it 
j are therefore, better than any other Qera|iio matter, adapted to our ordinary wants, 

I and our native manufacturers se%wfih pride their productionB dispersed over every 
{ part of the known world. The African negro prinees obtain English wash-basins at 
an immense cost and risk, by caravan travelling over the Sahara, to he used as soup- 
hasins; and the inhabitants of France ahd Germany— the very cradles of the European 
porcelain manufacture — never think their 'cupboards properly fumisl^tSd until a service 
of Staffordshire ware is seen on its shelves. < ^ 

Stoneware. — ^This material has also, like fbe preoedmg, bcoa brought by os to# 
greater degree of excellence than clscwhcreu The go^callied Wodgowood waro is of 
this kind, and is the best of its dass. ^ 

Parian Ware . — ^This exceedingly bcautiffifi material, much employed at present in 
the manufacture of statuettes, vases, and hreakfast-servicos, is a ceramic material, 
rendeiod very fusible by admixture of borax. 

Gfasmp.— Most Idn^ of pottery are now glazed, and the glazing material is subject 
to variation. The chemical principles required to be taken oognizaDee of in>die«ge»- 
tion of glazing is to produce a glaze with a degree «f fusibility coanmenmintte with 
that of the body on which it is laid, and which, after cooling, ahall hove a psopor- 
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tionate expansive and contractile rate. We very often see the glaee on articles of 
crockery ware cracked and disintegrating, — results which flow irom a violation of tho 
principles indicated. Hard porcelain being the most infusible variety of ceramic ware, 
the glaze adapted for it should have the same quality. Powdered felspar, a native 
silicate of alumina, and potash, is that whicji answers the purpose better than any 
other. Soft porcelain, hnd English Staflordshire ware, howev^j will not stand the 
necessary degree of heat to cause the glaze to fuse, hence its fivibility is augmented 
by the addition of bok’ax and oxide of I6ad. In proportion as the two latter materials 
predominate, so does the glaze increase in fusibility, and, what is very disadvantageous, 
in solubility: The lead glaze of common earthenware is easily removed by the action 
of both acids and alkalies, and thus becomes a source of insidious lead poisoning. 

The Lambeth stone ware, and some other kinds are glazed by a thin, but hard and 
totally unobjectionable varnish of silicate of soda.' Technic^y this is known by 
the appellation of “ salt glaze^' from the method of imparting it, which is as follows : — 
whilst tho stSpeware is yet glowingin the furnace, a door is opened, and common salt 
(chloride of sodium) is thrown in. Silicic acid, at elevated temperatures decomposes 
chloride of sodium, chlorine being evolved, and silicate of soda formed. This result is 
attributable to the flxed nature of silicic acid at high temperatures, and the volatility 
of chlorine. 

Coloured Omamentaiiqn of Ceramic ware. — Tho pigments employed in this operation 
I are necessarily mineral. Prepamtions of cobalt furnish us with blue, copper with 
! greens and blacks, manganese with black, cobalt with pink, iron with black and red, 
i whilst gold and platinum — ^rarely silver—are employed to impart their several metallic 
t lustres. The principles involved in ceramic ornamentation by pigments, arc of two 
! kinds, either the pigment is incorporated with the original material, or it is laid on by 
I a process similar to that of enamelling. In the production of porcelain in China and 
! > l^an, enamel, or mujfle colours, as the French term them, arc scarcely employed ; but 
; European manufacturers, aiming as they do at a higher stylo of artistic effect, rely 
I upon the muflle for all their delicate gradations of colour. 

I Glass. — This material, considered in a technological sense, may be described as an 

I alkaline silicate, or a mixture of allMHnc with earthy silicates, and in some cases 
! calcigcno-metallic ^silicates, fused to the condition of pastiness, and allowed to consolidate, 
i Glass therefore^ chemically considered, bears a heacr relation to ceramic wrre, especially 
j tho variety known ois soft porcelain. The kinds of glass employed in the arts and 
i manufactures are very numerous ; they admit, however, of division into the three kinds 
of colourless glass without lead ; colourless glass with lead (termed by us flint-glass, but 
. crystal by the French), and lastly, the various varieties of coloured glass. As glass of 
I thcso'threo divisions, and all their several varieties, is composed of an alkaline-silicate, 
i f )r silicates, as a basil, it will be necessary to commence our description of glass by the 
I consideration of this class of chemical bodies. 

i Silicoses' of Allsalies.'— Silicic acid, or^silica, readily combiner with alkalies when 

! fused with them, or with their carbonates; in the latter case carbonic acid being 
evolved. Apparently the combination takes place in all proportions ; but this seeming 
infringement of the laws of definite combination, may be explained by assuming that 
a limited number of chemical silicates results, but give rise to the idea of illimitability 
by admixture with each other. 

Whatever be the ratio in which silicic acid stands to the alkali, the fused results 
agree in certain general qualities. They are all transparent, more or less ; they all. 


MANUFACTUBfi OF GLASS. 


433 


when heated, sufficiently assume the condition of pastiness before that of perfect 
liquidity ; they all break with a oonchoidal fracture. They differ, however, so greatly 
in their relative degree of solubility in water and acids, that whilst the ordinary 
variety of glass employed seems to be absolutely insoluble in these agents, other kinds 
of glass may be prepared so exceedingly soluble in water that they may be employed 
as a substitute for stanch in imparting stiffness to linen, on which it confers the quality 
of incombustibility^ under all ordinary circumstances to whi^ dresses arc likely to be 
exposed. * * • 

Soluble glass of this kind may be pr^jpared by carefully incorporating one part of 
silicic acid (p^wdere^ silver«sand answers perfectly well) with not less than three or 
four parts of carbonate of potash or soda, and exposing the whole to a strong red heat 
until the mixture has perfectly fused and carbonic acid has ceased to escape. Glass of 
this kind is perfeej^y soluble inVater; but on adding a sufficient quantity of almost 
any acid, the silicic acid is precipitated in a gelatinous condition. The generation of 
varieties of this soluble glass is of frequent occurrence in the laboratoiyr of research, 
constituting, as it docs, the first step in many kinSs of mineral analysis* 

*[n proportion as the amouht of alkali is made to decrease, does the resulting 
glass assume the condition greater insolubility ; it would be incorrect, however, to 
say that any glass is absolutely insoliAle in water. Powdered glass is dissolved to 
some extent in water of ordinary temperature, and glass in masses can be dissolved by 
exposing it to the prolonged action of water heated upder pressure, 'as in the boiler of a 
high pressure steam-engine for example. 

The most valuable quality of silicates of alkalies considered as glaiis-making mate- 
rials has already been adverted to ; they all, before entering into perfect fusion, assume 
the condition of intermediate pastiness so favdurable to the requisitions of the glass- 
blower. This quality they preserve moreover when fused with other silicates, either 
of the terrigenous or the calcigenous class. Considered with reference to the kin^oi^ 
alkali employed, glass admits of division into soda glass and potash glass. The former 
is, perhaps, more generally eligible for all common purposes, though potash glass is 
less subject to crack on exposure to mutations of heat and cold, and therefore best 
adapted for chemical purposes. Bofiemian gloM is of this kind. 

As regards the various manipulative pwcesses for fashioning gjass into shape, a 
manual of this kind can take no exj^nded cognizance of them. They v^ill bb discussed 
in the treatise on chemistry applied to the arts and manufactures! It must suffice to 
indicate that flat glass is produced either by one of two varieties of glass-blowing, or by 
casting on a highly polished bod'ond subsequently grinding its surfaces even. 

Common window glass is produced b]^ the two first operations, whilst plate glass, 
employed for the better sorts of mirrors and for the glazing of high-priced windows, is 
produced by the last. Glass vessels are either produced by the fjperations of blowin|^ 
and modelling, or blowing and moulding, the more expensive kinds of vessels being 
formed by the subsequent operation of cutti^ on a wheel. « ^ 

Practically glass is never made for technological purposes with an alkali and silica 
alone ; certain other silicates being invariably present The silicates of lime, magnesia,' 
and alumina, mixed or severally, diminish the fusibility of glass without adding to its 
colour ; but silicates of the calcigenous metals, those of lead and a few others excepted, 
all have the property of imparting colour to glass, and are to this end employed. 
Oxide of lead being mixed with the materials of ordinary white glass increases their 
fusibility and adds to the luminous refrangibility, and accordingly to the lustre of the 
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resulting materials — Whence the appellation a-ystal^ as applied to, glass of this kind by j 
the French^ is intelligihle enough, Vhereas our expression, flint glass, as applic<^ to 
the some, is altogether uBmeanii\g. Good English flint glass, according to Faraday, 
is composed as follows 

SUica 51 -as* 

Potash. • 13-7r 

Ox»coflcad . 33;2^8* 

98-98 I 

Coloured Gtoss."— Various processes arc adopted for producing -this beautiful ■ 
material, such as those of staining enamelling or painting, and their various combina- 
tions. By stained glass is understood the material c^oured throughout by the incor- j 
poration of a coloured suhstance, necessarily metallic, with \(hitc glass. Glass | 
enamelling, or painting, involves the laying on of colours with a brush, and subse- , 
quently exposing the glass thus trcafcd to the heat of an enamelling furnace. 

Red colours arc imparted to glass by moans of prepatiations of copper and of g«ld. 
Cobalt yields bliicl ; manganese oxide, amethyst ; preparations of arsenic and tin, 
dead white ; black oxide of copper yields greens, and iron compounds greens or brow'ns. 
Metallic gold and platinum arc sometimes employed to impart to glass their charac- 
teristic lustres. • ' 

Caldgenom Meials . — Hitherto our attention has been devoted to metals, the oxides 
of which are allvilios or earths ; we now enter upon the consideration of metals, the \ 
oxides of which were termed by ancient chemists calces^ and wdiich ore, therefore, j 
known as the calcigenotu metals, i 

MAKGAKnSE. 

Equivalent or atomic weight • . ^ . . . 27 G 

Specific gravity .^ . . . . . . about 8 

Preparaiioft, — Although manganese ores are common, the metal itself is merely 
produced in small quantities as a chcmkal curiosity, by subjecting a mixture of oxide 
of manganese and carbonaceous matter to at^ery high temperature in a closed crucible. 
Protoxide fif manganese is first generated ^y 6elqpning carbonate of manganese in a 
crucible. The resultiSng protoxide is then incorporated with one-tenth its weight of 
charcoal powder, and a little fused borax. This mixture is rammed into a crucible 
lined with charcoal, covered, and exposed to the highest heat of a smith's forge. The 
result is not puae manganese, hut a carburet of that metal, standing, therefore, in the 
ssme ^lation to manganese, that cast docs to wrought iron. Its purification may he 
* p^ected by mixing it«with carbonate of manganese, and heating it a second, time in a 
well-covered porcelain crucible, enclosed within a Hessian or Cornish crucible. 

Propeitiea , — Something like iron in general appearance, hi^ more brittle, and 
somewhat more difiicult to fuse. Manganese xapi^y tami^es by exposure to air, 
crumbling down to oxide. It decomposes boiling water with rapidity, hydrogen being 
evolved ; and can only be preserved for long periods by immersion in naphtha, like 
potassium and sodium, or by retaining it in an atmosphere of hydrogen or nitrogen 
gas. 

Oxides o/fftanyattSM.— *Of l^ese there are five primary and two secondary, the latter 
resulting from the comhmatkm of primary compounds with each ot£er. 
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Protoxide of Manganese^^^hiO), 

Preparatwn.-^'EifAi&c by dcoxidiaiag, by means gf hydrogen, the peroxide of man- 
ganese, or by calcjjoing carbonate of magnesia without simultaneous atmospheric 
contact. This latter process may bo effected, as described at page 434, by heating car- 
bonate of manganeses in a covered crucible, when .the rosfUting protoxide is only 
slightly alterable b^a exposure to the air; or^carbonate of mspiganese may be reduced 
in a tube of the follovSng description f— 

A is a glass bulb holding 
carbonate of o is 

a tube containing fragments 
of dried chloride of calcium, 
and B is a generating appa- 
ratus for liberating hydrogen 
gas. The latter of course 
passes dry over the carbonate^ 
of manganese in the bulb 
and displaces the air formerly 
there existing. So soon as 
this displacement has been totally effected, the ffame of a spirit-laipp is applied to the 
glass bulb, carbonic acid gas is evolved from Hie cafbonate of manganese within, and 
protoxide of manganese remains. Finally, each tubular extremity of the bulb being 
sealed, the oxide of manganese may be preserved for an indefinite period. 

Protoxide of manganese readily combines with acids, generating protosalts, from 
^lutions of which a white hydrate of the protoxide is thrown down by caustic potash 
and soda. 

Seequioxjde of Manganese — (Mn^Og). 

Pr«pa}*<x^tou.->-By exposing peroxide of manganese to red heat (as in the preparation 
of oxygen) until no more gas is expelled, and treating the fixed result by an acid, 
sesquioxido of manganese is left. It also occuA native, both hydrated and anhydrous. 

Properties, — In physical appearance ifg somewhat resembles th» black or peroxide 
of mangouGSi, next to be describedabul; is more tawny rod, or brown. 

Binoxide or Peroxide of Memganese^ MnO.^. — ^This is more ooifimon than any of the 
other oxides of manganese, being found native in considerable quantities, and suf- 
ficiently pure for employment in many^ndustrial arts. The chief purpose for which 
peroxide of manganese is used is for the preparation of chlorine, as described when 
treating of that simple body. Peroxide of manganese combines with water to fcrm a 
hydrate of definite composition. It may he generated either hy^ransmittiag chlorin% 
through carbonate of manganese held suspended in water, or by pouring hot water on 
the manganate of pq^ash. , 

Mangatuc Acid, MnOg and Permang<mie Acid, Mn20,.<— Both these eompoonds may • 
ho generated by heating together a mixture of caustic potash with peroxide of man- 
ganese in the presence of oxidising bodies, such as chlorate or nitrate of potash. The 
residue of this operation when treated water, and the liquid evaporated in vacuo, 
yields crystals of manganate of potash. If these crystals be treated with hot water, 
they are decomposed into hydrated peroxide of manganese, which prempitates, and 
solution of permanganoto of potash, which is purple, remains. The crystais oC man- 
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ganate of potash employed for this operation should not contaioi an excess of potash, 
otherwise the formation of permanganate does not satisfactorily take place. I^'^r- 
manganate of potash may also he prepared directly by the following process: — 
Peroxide of manganese and chlorate of potash are mixed in equ^l proportions ; one 
part of hydrate of potash dissolved in the smallest available quantity of wtfter is then 
added, the whole evaporated to d:yness, and heated short of redness. Hot water being 
now poured upon the^ xltass, permanganate of potash is dissqlye^ out, and may be 
readily crystallized, whilst the insoluble oxide 'is separated by decantation, not by 
filtration, because both this and the preceding compound are decomposed by contact 
with organic bodies. Manganic acid has never yet been obtained i^i the state of 
isolation, but an aqueous solution of permanganic aeid may be generated by the 
accurate decomposition of permanganate of baryta by^eans of sulphuric acid. 

Red Oxide of Manganese Mn.,04, and Varvicite Mn407, are not^* separate oxides of 
manganese, but combinations of two oxides in the manner of acid and base. Ked 
oxide is regafdii^d as a compound ofbMnO + MujO,. It constitutes a native ore of 
manganese, and may be artificially generated by heating the protoxide or sesquio:|ide 
to whiteness, or by heating the carbonate of manganese to redness, in an uncovered 
vessel. It does not form salts, and when fused with bor^ or white glass, imparts an 
amethyst colour. 

Varvicite^ MnjOj + 2Mn02. — So called because of the locality, Warwickshire, in 
which it was discovered and is 'principally found. In appearance it resembles the 
peroxide, than which it is more black ; and it also contains water, being a hydrate. 

Salts of Manganese. — The only oxygen compounds of manganese which act as 
bases to acids are the protoxide and the sesquioxidc. The former yields a large number 
of well characterized stable salts ; the latter, on the contrary, is a very feeble base, and 
its salts are all imstable. Sespecting the characteristics of the manganates, and per- 
^me.iganates — salts in which the manganese compound performs the function of acidity 
— a few remarks have alreadjj- been offered. 

In almost every case of analysis, involving the solution and subsequent isolation of 
manganese, this metal will be found in the state of proto-combination, — either as an 
oxygon salt of the protoxide, or as k* protobaloid salt ; hence, to these the learner 
should direct his especial attention. f 

The first point to be e|pecially remembered in Connection with solutiSns of proto- 
suits of manganese, and, indeed, the metal in any state of solution, is, that no preci- 
pitate or change of colour is yielded by hydrosulphuric acid. Now, manganese being 
a calcigenous metal, this absence of precipitate or change of colour is remarkable ; 
only five calci^nous metals, — ^manganese, iron, uranium, cobalt, and nickel, — being 
thus circumstanced. 

^ The second pointr ‘to be remembered in connection with the chemical peculiarities 
of manganese is, that hydrosulphate of ammonia (sulphide of ammonium), yields a 
precipitate With the solutions above ind/cated, and the precipitate is of a light flesh 
colour. This, again, is a peculiarity; black being the usual tint produced by hydro- 
sulphuric acid, or hydrosulphate of ammonia in metallic solutions. 

Caustic potash or soda yield, with the solutions of manganese salts above specified, 
a white precipitate, rapidly changing to brown. 

Soluble carbonates, especially those of the fixed alkalies and of ammonia, throw 
down a whitish carbonate of manganese, not liable to much change by exposure to the 
air, and from which other protosalts of manganese may be readily generated. Ferro- 
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cyanide of potassium also yields a white precipitate; and chlorine, -—or materials 
wliich readily evolve chlorine, such as commercial chloride of soda, or of lime, — throw 
down the red oxide of manganese, by reason of their oxidising agency. In point of 
fact, a solution of ^lorinc, or of chloride of soda or lime, is one of the most delicate 
tests we pSssess for indicating and separating manganese. Manganese, when present, 
in whatever variety of combination, may be readily ifldicated by the blowpipe. When 
fused with borax ft external or oxidisipg flame, it yielQ^ a purple bead, which 
becomes colourless when removed to internal flame. 

IRON. 

Equivalent or atomic weight 28 

Specifle gravity s^ut . . • • .7*8 

General Remarks. — This most important metal, though widely disseminated through- 
out the inorganic kingdom, and forming no inqpnsiderable constitueqt^of animals, is 
seldom obtained pure. Fortunately, none of its various applications involve the 
necessity of having it quite plire, otherwise materials of iron, instead of being amongst 
the cheapest, would be amongst the moat costly in existence. 

Preparation, — Three processes maj^ be indicated for yielding iron chemically pure. 
They are as follow : — , ^ 

(1) . Having tied some small iron wire in a buufUe, place the latter in a porcelain 
tube, heat it to redness, and pass through a current of aqueous vapour* By this 
means the iron wire is covered with rust, which is the object desired.. Next, cut 
this iron into short pieces, mix them with a little powdered glass, pack the mixture in 
a small porcelain crucible, bed the latter in another crucible of Hessian ware, and 
expose the whole to the strongest heat of a wind furnace.. By this treatment, oxygen 
from the iron rust unites with the carbon and other impurities of the non-oxydke(k 
portion of the wire, leaving the remaining portion of iro|^ pure. It aggregates, if the 
furnace-heat be sufficiently high, into one mass. 

(2) . Pure iron may also be obtained by transmitting hydrogen through oxide of 
iron contained in a tube and heated. The heft generated, by a spirit lamp flame is 
amply sufficient for developing the result, |md the little apparatus depicted at page 436 
may be her(Femployed. Iron, ho\aever, prepared at this low tempeoature, is pyro- 
phoric : it bums immediately on coming in contact with air, afld hence can only be j 
preserved by hermetically sealing it in the tube employed for its preparation. If, 
instead of a glass tube, one of porceliSn.be employed, and the current of hydrogen 
transmitted at a furnace-heat, the resulting iron becomes more densF, loses its pyiu- 
phoric quality, and may be exposed to dry atmospheric air without change. • 

(3) . The third method of obtaining pure iron, consists in subotituting protochloridi 
of iron for oxide of the metal. In this case iron is obtained, not in the condition of 
powder, but as a myror-like scale. 

Varietiee of Commercial Iron , — The principal varieties of commercial iron are three 
— cast iron, wrought iron, and steel. Of each of these there are numerous sub-varie- 
ties, but they cannot be minutriy detailed here. 

Cast iron is a very heterogeneous compound, though it is gmierally regarded as a 
mere union of carbon with iron, the carbon being in greater quantity than necessary 
to fozlu steel. Besides carbon, oast iron contains silicon— probably alumininai, sulpluir, 
and occasionally phosphorus. By the presence of carbon and other adveptitious 
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bodiosi iron becomes more fusible th^ wbcn pure ; hence the propriety of the term 
** east iron** 

By repeatedly fusing cast iron, <end rolling and hammering the glowing mass, the 
greater portion of carbon and other collateral impurities are b^imed or otherwise | 
remoYcd, leaving the irox^ in the state of comparative purity. In genera! terms we 
may say that the more iron has b&en fused, hammered, drawn out, rolled or kneaded, 
the purer does it beoopid*; hence, iron vjire is composed of ye^T^pure iron, and the 
purity of old horse-shoe nails is so well recognized that they scU at a comparatively 
high price, to be converted into gun barrels. 

Steel . — This material is considered to be a carburet of iron, in svhichtthc proportion 
of carbon is less than the quantity requisite to constitute cast iron. Th(i fine Indian 
variety of steel termed wootz, however, contains minqte portions of aluminium as well 
as carbon, and it is doubtful whether any variety of steel be a mere combination of iron 
with carbon. The most usual plan adopted for the conversion of iron into steel is that 
of ccmcnthtion,«a8 it is called. Bars«of wrought iron arc stratified with charcoal, and 
exposed for a considerable period to a high furnace temperature, when union between 
iron and carbon takes place, steel being the result 

Iron approaching the condition of purity, such as wrought iron and steel, is en- 
dowed with the valuable quality of welding-— that is to say, two pieces of wrought iron 
or steel being takem and heated to whiteness in a forge, they may be caused to adhere 
by hammering. In this respect ^ron, amongst all the calcigenous group of metals, 
furnishes the oply perfect example. Platinum is described as participating in the 
quality of welding, but its capabilities in this respect arc very slight. The kaligcnous 
metals, potassium and sodium, it may be remembered, readily admit of welding. 

OxUks <?/ Four compounds of iron with oxygen are known as follows ; — 


Iron. Oxygen. 

Protoxide 1 1 

jSesquioxide (peroxide) .... 2 3 

Black oxide 3 ,4 

Ferric acid 1 3 


FeO. This is the only H)xide of iron having the properties of a strong 
base, and yielding^well-defined crystalline ^Its. 

Prepay adding caustic pota^, sbdi^, or ammonia, to any salt of the 

protoxide, the latter is precipitated in the form of a greenish-white hydrate, and which 
by boiling, assumes the colour of almost perfect blackness. The protoxide of iron is 
exceedingly difiicult to retain unchanged. ^I^xposed to the air, or any gas containing 
oxygen, it soon^becomos green,, then red-brown, the latter tint being indicative of the 
change to peroxide. Most of the common salts of protoxide of iron are green when | 
(^ure, but, exposed t®’ oxydising influences, they become covered with a layer of red 
material — peroxide combined with the original acid. All protosalts of iron arc readily 
convcrtedl^into persalts by boiling with ni^ie, or with nitrohydro^lorio acid. 

FerexiAe of Iron^ Fe^O,,,. — ^This is also a basic substance, but not powerfully so. In 
its rations it resembles alumina. 

Freparathn.-^'Whm a protosalt of iron is boilediwith nitric or nitrohydrochlorio 
amd, a porsalt of iron results ; from the solution of which peroxide of iron may be 
precipitated by ammonia. It also occurs native in the Island qf Elba and clsew'here, 
oonstitating the ore known as specular iron. Hydmteof the peroxide is idso found 
native, constituting tlie ores known os haematites, rod and brown. 
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Fropertws. — ^i‘ero^ide of iron has a full 'blood-red colour. It is not affected by any 
dejjjrce of heat, except carbon or other deoxidising* agent be present ; when it is reduced 
to the condition of metallic iron. This oxide of irojj is not magnetic. 

lilaeky or Magu^ic Oxide of Iron, FC3O4. — This, when found native, constitutes the 
loadstone, "SO called from its magnetic properties. 

Preparation.-— 1!1 i9 black scales Vhich form on wnought iron when heated to white- 
ness, as in the opemtion of forging, are chie^ composed of this oxide. It may also be 
prepared in the moist way by cffcctiifg a mixed solutionof a proto and a persalt of iron, 
precipitating the solution by an alkali and boiling the hydrates which deposit. A 
black crystall^e compound forms and precipitates ; it is the oxide in question. 

Ferrie Acid — (Fe03). 

Preparation. — Four parts of ^tre and one part of q)eroxido of iron arc to be inti- 
mately mixed and Seated to redness in a covered crucible. The contents, being allowed 
I to grow cold, then dissolved in water in which ice is melting, and cm^sequcntly the 
temperature of which is at 32'* F., a solution of ferrate of potash is*obtaincd. This 
cofripound is remarkably pfbne to decomposition, oxygen gas Jbeing evolved and 
peroxide of iron thrown dtjwn. The change takes place slowly in the cold, but hot 
water occasions it at once. Ferric atfid yields a remarkable and very permanent com- 
pound with baryta. In colour it is a deep crimson, and may be used advantageously 
as a pigment. ^ * 

Chlorides of Iron. — Of these two are known, the protochloridc and the sesqui or 
perchloride. 

Protochloridc of Iron — (Fe Cl). 

Preparation. — By passing a stream of dry hydrochloric acid gas over red-hot iron 
contained in a tube of porcelain, or by dissolving iron in hydrochloric acid. 

Properties. — A brown fixed material, which, when obtained in the dry way^^fuft- 
nishes crystals on cooling. Thc<solution of ironih hydrochloric acid, when evaporated, 
yields green crystals of the hydrated protochloridc, having the composition of 
FeCl + 6HO. 

Sesqnichloride of Iwon — (Fc^Cla). 

Preparation. — By passing a current o^diy chlorine gas over irau heated to redness, 
and sublimfog the resulting chloride in an atmosphere of the same ga% or hy dissolviug 
iron in nitrohydrochloric acid. 

Properties. — An iridescent brown or greenish-brown compound, soluble in alcohol, 
ether, and water. Its solutions are decomposed by light, sesquioxide of ii’on being 
deposited. By evaporating the solution of iron in nitrohydrochlSric acid, crystals 
of the hydrate of the sesquichloridc are produced; they dissolve in water, ^Icohol,^ 
and ether, and are very deliquescent. If aqueous solution of svquichloride of iron^ 
evaporated to dryness and sharply heated, partial decomposition ensues, peroxide and 
hydrochloric acid ^eing simultaneously farmed. The ^rtion of chloiftdj^ remaining 
undecomposed sublimes in red and very deliquescent crystals. 

Iron trith Btdphur — Many compounds of iron wi(h sulphur exist, but two only 
have been well studied; they ire the protosulphuret and the bisulphurct. 

Protostdphuret ^/row— (PeS). 

Preparation. — ^By heating a bar of iron to whiteness, and bringing it into contact 
with sulphur, or by heating a mixture of 2| parts of sulphur and 4 parts of iron filings 
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ill a red-hot crucible. This is the compound employed in labo^tories for generating 
hydrosulphuric acid. ^ 

JBisul^hurei of Iron — (FeSJ. 

This compound, as will be seen, corresponds to no known iro||i oxide ; it exists in 
nature, constituting iron pyrites, and may bc«formed artificially by mixing 2 parts of 
protosulphuret of iron with 1 of oulphur, and heating the mixture in a crucible until 
all excess of sulphur h^isCieen expelled. When heated, the bisulplcuret of iron evolyes 
a portion of its sulphur, and the materiid whicli remains is composed of 68 per cent, 
only of sulphur, in combination with 32 of iron. The exact atomic composition of 
I this compound is not known. 

There is also found native a mineral termed magnoiic pyrites^ the composition of 
which is indicated by the formula Fc^S^ ; it is probably a compound of 5FeS 4 - Fe^Ss. 

Comhinationa of Iron witJi Fhosphorua , — Phosphorus unites with iron in many 
proportions. The phosphuret best known is that generated by heating in a crucible 
lined with chdSreoal, a mixture of phoephate of iron and charcoal powder. The presence 
of phosphorus in iron is very detrimental, imparting to^it the quality known as gold 
«Aor/,~that is to say, iron thus contaminated is very brittle, and when cold, readily 
crumbles under the stroke of the hammer. *• 

Iron with Nitrogen . — A compound of this kin^ is known, but its atomic composition 
has not been deternuned. •It may be prepared either by passing dry ammoniacal gas 
over iron wire heated to redness ili a porcelain tube, or exposing anhydrous- proto- 
chloride of iron contained in a glass tube to a heated current of dry ammoniacal gas. 

Iron with Cyanogen. — Cyanogen, throughout the whole range of chemistry, is charac- 
terized by the number and the complei^ity of its compounds. This remark especially 
applies to the cyanurets, or cyanides, of iron, of which there are several. Under the 
head of cyanogen (page 391) the circumstance was mentioned, that although a compound 
it afeed like a simple body. This peculiarity is also retained by the compounds of 
cyanogen with other bodies -thus, for example, cy&nogen unites with protoxide of 
iron to form cyanide of iron, and the latter unites again with other cyanides, such as 
potassium, lead, &c., constituting double cyanides. . Of this latter class Of bodies, the 
most important not only as regards its uses, but as furnishing a key to the comprehen- 
sion of all the rem&ining double cyanides isVhe Rouble cyanide of iron, and potassium, 
the yellow prussiate of potash, as it is commonly dcAgnatcd. ^ 

Troiocyannrei of Iron, 

Preparation. — (1). By adding a solution of dyanidc of potassium to a solution of any 
protosalt of irou.r Proto-cyanurct of iron, as thus made, retains portions of cyanide of 
iron BO pbstinately, that it can scarcely be got pure by this process, even after the most 
'arduous washing.^ ^ 

(2). By digesting Prussian Blue with a solution of hydro-sulphiuric acid. 

Pt^pert^a.%r-A. white compound, rapidlyjbecoming blue when exposed to the air. 

We have already seen that cyanogen, though a compound body, assimilates itself by 
chemical relations and demeanour to chlorine, iodine, and bromine. Like them it com- 
bines with hydrogen to form a hydracid (the hydro-cyanic) ; like them it unites with 
certain metals, forming compounds which necessarily must be regarded as cyanides, 
and not hydro-cyanates, seeing that they contain neither oxygen nor hydrogen. In 
fact, all the remarks relative to hydracids generally, and their salts, apply to cyanogen, 
hydro-cyanic acid, and their combinations. But this is not all. The cyanurets of iron, 
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and especially the proto-cyanuret just described, are commonly regarded as analogous in 
function with cyanogen itself ; that is to say, compounds performing the flinotions of a 
simple body. Hence, has arisen the term “ fcrro-cyanogen,” — a body which, by com- 
bining with hydroggn generates hydro-ferro-cyanic acid, whose functions are like those 
of any other hydracid. Perhaps the bearing of these remarks will be more obvious 
if we take a special ^ase for exemplihcation. Tha^ case niky be the salt known m 
I prussiate of potash, • , , 
j Its composition is as follows : — 


1 eqi|iyalei^ Iron 

2 equivalents Potassium 
2 equivalents Cyano^n 




equivalent Anhydrous Prussiate of 
Potash. 


Adopting the theory of its being a mere binary compound of cyanide of iron with 
cyanide of potassium, its composition will stand thus — 


};■ 


eq. 


Cyanide of ' 
Iron 


1 eq. Iron 

1 eq. Cyanogen 

2 eq. Potassium ) ^ eq. Cyanide of 
2 eq. Cyanogen j PotasMum 


cq. Anhydrous Pyissiate of 
Potash 


and will be represented by the symbol FCfy + 2 KCy. 

But if we assume the existence of the compound radical ferrocyanogen^ then 
anhydrous prussiate of potash must be regarded as anhydrous ferocyan^de of potassium, 
and its constituents will bo grouped as follows : — 


2 eq. Potassium 


1 eq. Ferrocyanide of 
’ Potassium 


Hydrogen, it will be remembered, possesses many of athe relations of a metal, with 
which it frequently changes places, atom for atom. This fact being remembered, it 
i will not seem extraordinary that the two equivalents of potassium in the preceding 
I compound should be capable of 8ubstitutio%by hydrogen, as in the following scheme : — 


3 ft S^nogen 1 ^ ,| 

2 eq. Hydrogen ^ 


1 eq. Ferrosyani^e of 
Hydrogen 


How, as the chloride of hydrogen is termed hydrochloric acid, ^the bromide of 
hydrogen hydrobromic acid, &c., by a parity of usage the ferrocyanide of iron should 
be denominated hydroferrocyanie acid, Ferrocyanide of hydrogey and hydroferrocyanio • 
acid are, therefore, synonymous terms, both indicating the compound in which tii^ 
equivalents of hydrogen have taken the place of two equivalents of som^other simple 
body. The radical of hydroferrocyanie aci^ instead of being represented s^bolically . 
by the initials of its constituents, is indicated by the symbol Gfy ; therefore hydro- 
ferrocyanic acid will be symbolically designated thus, 0fy2H. 

Properly speaking, the philosophy of cyanogen belongs to the department of 
organic chemistry, where it will be treated more in detail. I have only entered upon 
its description here to the extent necessary for explaining the nature of its com- 
binations with iron. 
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Double Cyanide of Iron and Potassium, — Fetrocyanide of Pota^ium , — This salt is of 
great importance, both in the labofatoiy and the arts. It is formed commorcial^v in 
large quantities, and moderately pure. 

Preparation. — (1). The oldest and most usual mothod of generating fcrrocyanide of 
potassium (prussiate of potash) is as follows ix-Fragments of animal matters, such as 
horns, hair, hoofs, &c., dre first ealcined in close vessels, so that highly nitrogenized 
animal charcoal may resiult. The latter is now mixed with carbimato of potash, and 
heated in an iron ycskl by a reverberaWy fla'me. The materials fuse into a mass, 
which is stirred from time to time with an iron rod. Cyanuret of iron and cyanuret 
of potassium are formed ; by combination they generate ferropyanid/^ of potassium, 
which being washed out by water, and tho solution evaporated, yields the well-kliown 
crystals of prussiate of potash. They arc composed of one equivalent of fcrrocyanide 
of potassium, combined with chree equivalents of water, and consequently arc repre- 
sented by the formula — 

FeCjj + 2KCy + 3HO. 

(2). By the direct union of carbon and nitrogen in cobjtact with carbonate of potash. 
This process is now conducted on the large scale, and is of peculiar interest. The 
stages of the operation arc as follow ; — W ood charcoal, having been strongly impreg- 
nated with solution of caybonatc of potash, is heated in brickwork, and exposed to the 
agency of a mixture of carbonk' acid and nitrogen gases, formed by transmitting 
atmospheric air through burning coke. This operation having been continued for 
about ten hoursi tho charcoal is allowed to qool, removed, and lixiviated with water. 
The fluid of lixiviation is next boiled in an iron vessel, with finely-powdered native 
peroxide of iron (spathic iron), when a solution of prussiate of potash is obtained, from 
which the salt separates by evaporation. 

, ^.Crystallized fcrrocyanide of potassium easily loses its three equivalents of water by 
a gentle heat. If the temperature be raised still higher, the salt decomposes, with the 
evolution of hydrogen. On lixiviating the fixed residue, cyanide of potassium is 
washed out, and a black carburet of iron remains, having the composition of Fe-^Co. 

Solution of prussiate of potash iS a valuable test, indicating the presence of 
numerous metals *by distinctive tints. T^us, with the kaligenous and terrigenous 
metals generally, it yields no colouration or preciprvtatc ; but with solutions of nearly 
all the calcigenous metals, in almost every state of combination, it fuimishes either a 
distinctive tint, or a precipitate, or both. With solutions of copper, titanium, moly- 
denum, and uranium, the colour furnished is brown ; with solutions of absolutely pure 
protosalts of iron, white ; but with solutions containing even the slightest amount of 
a peraalt of iron, blue. Practically, therefore, it yields a blue colour with all tho 
solutions of iron whifh occur in the ordinary course of analysis. With the generality 
of calcigenous metals remaining, prussiate of potadi yields a white precipitate. In the 
greater nipinber of these bodies, the potasfiam of the fbrrocyanidq of potassium is dis- 
placed by the new metal. For example, ferrocyanide of copper is represented by the 
formula 2Cu Cfy ; the fcrrocyanide of lead by 2Pb + Cfy, 

By acting on the ferrocyanide of lead by hydrosulphuxic acid, decomposition ensues ; 
Bulphurct of lead is thrown down, and hydro-ferrocyanic acid is evolved. Hydroferro- 
cyanic acid yields precipitates’ with mctallio solutions precisely identical with those 
yielded by ferrocyanide of potassium. The decomposition which takes place is illus- 
trated by the appended diagram— 
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1 Furroc^panide ( 1 Perroeyanogen- 
of lead (2 Lead 

2 Hydrosulphuric ( 2 Hydrogen— 

• acfd ^2 Sulphiu* 


1 Hydro-ferrocyanio 
acid 


^2 Sulphurct of lead 


Thus obtained, it is disBolvcd in water ; by evaporating the solution in vacuo 
over strong sulptiurfb g^d, it may be procure^ in crystals, ffhere is another method 
(»f preparing hydro-fcrrocyanic acid ; by. adding hydrochloric acid to a concentrated 
aq[iicous solution of prussiate of potash free from air, and agitating the mixture with 
ether ; by whith treatment crystals of the acid arc thrown down. 

• 

Ferroseaquinjamde of or Ferridoyantde of Potaaaium {lied Pmaaiatc of 

Potaah). • 

This is another important salt, containing iron in its acid or elcctro^negativc com- 
ponent. 

Preparation . — By transmiying chlorine through a solution of yellow or common 
prussiate of potash, until tltf solution ceases to furnish a blue precipitate with pcrsalts 
of iron, and evaporating. During the operation of transmitting chlorine, the liquor 
must be continually agitated, and the chlorine must not be supplied in excess. 

The decomposition which ensues may be thus represented by a diagram : 

[2 Iron ^ f Fcrridcyanidc of potassium 

2 Cyanogen 

3 Cyanogen 
1 Cyanogen 
3 Potassium J 

Vl Potassium. 

✓ 1 Chloride of potassium 


2 Fcrrocyonide of potassium 
(yellow prussiate of potaah) ^ 

1 Chlorine 


(red prussiate of potash) 


or thus, in chemical symbolic notation, 

2(FqCy + 2KCy) + Cl = (3KCy + F«,Cy.,) + KCI. 


Propertica . — ^This salt is less soluble than yellow prussiate of potash, only one part 
being dissolved in about forty of cold water. •Like the preceding, it is a valuable test 
for several calcigcnous metals, more espec^ly iron. With proto-campounds of iron it 
yields a wWte, -with pcr-compounds *a blue precipitate, whereas yellow frussiate of 
potash acts in the reverse order, yielding a white precipitate with proto-compounds of 
iron, and a blue precipitate with per-compounds of the same metal. Similai'ly to 
yellow prussiate of potash, the compoui!^ tinder consideration yields a precipitate with 
solutions of lead, and this precipitate being decomposed by dilute *6ulphuric acid, 
yields a distinct and somewhat per m a nent hydracid, ferroaeaquicpanic acidy or fervid- 
eyanie tteU. 

FerridcifanuU of had is composed, as indicated, by the formula 8PbCy -|- FcgCyS, 
and the [cctmposit)pii of hydro-ferridcyai^c acid is represented by«tjj^ formula 
3HCy •+• i'^gCyg. By carefully evaporating a solution of hydroferridcyanic acid it is 
obtained in the state of crystals. 


Pi'uaaian Blue. 

Under the generic name of Prussian blue are oomprohended several important 
cyanogen compounds of iron, of which 1 shall only specially advert to two : common 
Prussian blue, which is the result obtained by adding yellow prussiate of potaidi to a 
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persolution of iron, and Turnbull’s Prussian blue generated hy sdding red prussiate of 
potash to a protosalt of iron. * t 

Common Prussian Blue. 

Preparation. — This compound is generated, as already indicated, wbcn^solution of 
yellow prussiate of potac|]i is added to a solutioh of a persalt of iron. The decomposition 
which ensues is represented by 'the subjoined diagram, in solutions where perchlorido 
of iron is supposed to been employed. ^ ' * 


2 Perchloride of 

iron 

3 Ferrocyanido of 

potassium 
(Yellow prussiate 
of potash) 


6 chlorine — 

4 iron 

6 cyanide of f 6 potassium- 
potassium ( 6 cyanogen ■ 
3 cyanide of , « 

• iron 


6 chloride 
3 potassium 


) 1 ferrocyanido 

S of iron 

■' • 


or, in chemical symbolic notation, as follows, 

2 ie.,Cl 3 + 3(FeCy + 2HCy) = 6KC1 + (SFcCy + 2Fe^Cy.,). 
whence it appears that the formula of common prussian 61uo (ferro-cyanide of iron) is 
3FeCy + 2Fe2Cy, or, 3Cfy + ^e. 

Properties. — Somewhat resembling indigo iif general appearance, but far less per- 
manent when subjected to. chemical re-agents. In water and weak acids it is insoluble. 
Strong sulphuric acid decomposes it, with the production of a white compound. 
Alkalies also destroy its colour instantaneously. Heated in the open air it bums, 
leaving a residue of peroxide of iron ; and exposed to destmetive distillation it is 
decomposed into cyanide of ammonium, water, carbonate of ammonia, and carburet of 
iron. 

Tumhuirs Prussian Blue, 


^ «Tho method of preparing this compound has already been indicated. It possesses 
a brighter tint than the proceeding compound, and is employed for similar purposes. 


CHBOME^ OB CHROMIUM. 

Atomic or equivalent weight .... 26*7 
Specific gravity (about) f , « . . . 5*9 

General JS^marAv.—This important metal derives its name from xp^f^y colour, on 
account of the varied tints afforded by its combinations. Chromium was demonstrated 
to be a metal by Yauquelin, in 1787 ; he shcoeeded in obtaining it from oxide of 
chromium, but ftot in a pure condition. 

Pr^aration. — ^The process followed for obtaining chromium is the counterpart of 
tj\at adopted for the pueparation of manganese ; sesquioxide of chrome being intimately 
mixed with charcoal-powder, sugar, and oil, charcoal, sugar, and coal-tar, or some 
materiala^^^equally rich in carbon, is ra^^d into an earthen.vr|r8 crucible, lined 
with charcoal, and exposed to the highest heat of a smith’s forge. A mass remains, 
metallic in appearance, and which was once considered to be pure chromium; it, 
however, bears the same relation to chromium that cast iron bears to the pure metal,— 
it is earburetted. To obtain it pure the preceding result is to be powdered, then 
intimately mixed with green oxide of chromium, and exposed a second time to the 
highest heat of a smith’s forge, in a crucible of porcelain lined with charcoal, and 
oontained in one of Hessian, or Cornish ware. 
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By this operation ^xygen from the oxide of chromium unites with the carbon of 
thej3arbonaceous mass, which escapes in the cdndifion of carbonic oxide and carbonic 
acid, pure chromium remaining in the state of butt^p or ingot, if the heat hare been 
sufficient. 

Fropertks.>^G)irom\vLm has a full yhite metallic lustre; it is very brittle, and 
sufficiently hard to scrjitch glass. Dry atmospheric aur, at ordinary temperatures, does 
not oxidise it percep4ibl^ ; but it is readily oxidised by heating it to redness. Hydro- 
chloric acid and dilute* sulphuric acid feadily dissolve it. * 

Chromium with Oxygen . — ^The oxygen, compounds of chromium are numerous. 
Taken as a cla^, the}^ present analogies to the oxygen compounds of iron ; but one is 
analogous in composition to pcgnanganic acid. The following is a tabular arrange- 
ment of the oxygen compounds yf chromium : — 

• • Chromium. Oxygen. 


1. Protoxide* of chromium 1 1 (?) 

2. Sesquioxidc of chromium 2^3 

3. Compound of the two preceding in singfe atomic pro- * 

portions . • * J 4 

4. Chromic acid • • 1 3 

5. Combination of chromic acid^and protoxide of ehrome 2 4 

6. Pcrchromic acid ....... 2 7 

• • 

Protoxide of Chromiu9h. 


Preparation and Properties. — Solution of potash being added to solution of proto- 
chloride of cliromium, protoxide of chromium is thrown down in the state of a brown 
hydrate. The precipitate is, however, not peilnanent. Having a great affinity for 
oxygen, it decomposes water almost as soon as formed ; and if the solution be hot, tlm 
decomposition proceeds with remarkable activity. The result of this dccompositiog is^ 
the production of the hydrate of t^e oxide Cr 304 , or rather, perhaps, CrOj Cr^O,, seeing 
that it is regarded as analogous with the magnetic oxide of^ron. By heating this latter 
hydrated oxide in a glass tube, further decomposition takes place ; the equivalent of 
oxygen possessed by the water of hjrdration is* retained and hydrogen evolved. The 
composition of protoxide of chrome is asswp^d to be as represented ij^ the tabular view 
just given. ,The determination of ^ts*conil^oBition by analysis has nqt be^n accom- 
plished. • 

Salts of Protoxide of Chromium. — On account of the avidity of this oxide for oxygen, 
but little of the salts in question is known. The acetate and the double sulphate of 
protoxide of chromium and potash are the* only proto-oxygen salts of» chrome which 
have been distinctly formed. Many of the qualities, however, of the protoxide of j 
chromium are manifested by the proto-chloride of the metal. ^ ^e followi^ a^ { 
amongst the most remarkable : — | 

Caustic potash throws down at first a brown precipitate of hydrated gx^e, almost j 
immediately changiifg into the brown hydrated magnetic oxide ; hydrogen being simul- j 
taneously evolved. Hydrosulphates yield a black precipitate, but hydrosulphuric acid { 
none. Corrosive sublimate, when added to it, throws down calomel ; and chlorine, 
nitric acid, and many other oxidising agents convert the protoxide into the green, or 
sesquioxide. I 

Sesgutoxide of Chromium. \ 

Oeneral remarks. — In its general characteristics this oxide is analogous to the 
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scsquioxide of iron, acting tho part of a feeble base, imd yieldingdu many cases salts of 
tnro colours (green and violot) widi thelmae add. c 

Preparation,-— Thvi oxide, in a«iiydrated condition, may be &rown down from any 
scsquisalt of chromium by the addition of ammonia ; in the anl^ydrous condition it 
can be obtained by many processes, amongsh which the following may 'be enume- 
rated : — ^ « • 

(1) By decomposing' by heat, the cjiromate of the sub-p^db of mercury, when 
oxygen and metallic mercury are evolyed, and green sesquioxide of chromium remains. 
The decomposition which ensues is determined by the tendency of oxygen and mercury 
to be volatilized by heat. It is represented by the following diagram :-r- 


2 Chromate of /4 Suboxide 
sub-oxide of of. 
mercury -j mercury 

\2 Chroroic 
acid 


f4 Mcrcul*y- 

(2 Oxygeni 

1 '^ Oxygen 
1 Oxygen' 

2 Chromiu a 



esctfpo 


1 Sesquioxide of 
cluomium 


Or thus in chemical symbolic notation — 


2(HfeO, (JjO,) = CrA + 4Hg + 60. 


Itmarlc . — ^The chromate of sub-oxide of mercury here referred to is prepared by 
mixing together solutions sub-nitrate of mercury and of chromate of pota^. The red 
precipitate which falls is the substance under consideration. 

(2) By the calcination of bichromate of pota^ with charcoal, sugar, starch, or 
ffenerally any organic body rich in carbon ; and lixiviating the product with water. 

'Tllu decomposition which ensues is represented as follows by a diagram, and by 
chemical symbolic notation :i— 


1 Carbon — 

2 Carbon 


2 Bichromi tc 
of 

potash ^ 


2 Potash- 


14 Chromic 
V acid 



2 Oxygen/^ 
4 Oxygen' 

■ 6 Oxygei^ 

^ Chromium 


I 



y 1 Carbonic acid 
^ 2 Carbonic ^ 2 Carbonate 
acid > of 
) potash 


2 equivalents of 
sesquioxide of^ 
chromium.) 


l^KO, 2CrO,) + 3C = 2(KO, CO J + CO^ + 2Cr.,03 

(3) By calcining one part of bichromate of potash and about two parts sulphur, a 
mixture ^ sulphate of potash and sesquipxide of chromium is ol^ained. On treating 
this with water, the alkaline salt dissolves out, and the chrome-oxide is isolated. It 
will be seen that in this operation the sulphur acts the part of earbon in the preceding 
decomposition; both have a strong affinity for oxygen, and remove that element from 
the chromic acid contained in the bichromate ; carbon yidding a carbonate under these 
circumstances, sulphur a sulphate. Oxide of chromium prepared by this process is 
frequently contaminated by a little sulphur, which, however, may be burned away in 
the condition of sulphurous acid, and the oxide left pure. 
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The decompoBitioi^ which results from the preceding operation is thus repre- 
Ben|cd : — 

^ 1 Sulphate of 

1 Bichromate Potash— « — j potash 

potash r2*ChroTnic 3 Oxygen/^ 

'••acid 3 Oxygen 

> 1 Sesquioxide of 
<2 Ghromitmi ) chromium 

XOy 2Cr03 S ^ Crg03 -f- KO, SO3 

lietnarh — An excess of sulplhfir oyer and aboye the theoretical atomic proportion is 
requisite in conductfhg this operation, in as much as a portion becomes yolatilized, thus 
taking no part in the subsequent action. ^ 

(4) By heating bichromate of potash to whiteness the salt is decoihposcd, oxygen 
being eyolved, and neutral chromato of potash mixed with ses^uioxide of chromium 
remaining. The neutral chrimate of potash being soluble in water, and the sesqui- 
oxide of chromium insoluble in that* medium, separation of the two can bo readily 
effected. The decomposition is thus represented 


2 Bichromate of potash! 


(2 Chromic 


ic acid | 


2 Chromic acid . 
12 Potash . . . 


3 Oxjgen 

3 Oxygen 
2 Chromium 


— escape 

} 1 Sesquioxido of 
Chromium 
> 2 Chromate of 
) Potash 


2 (K 0 , 2 Cr 03 ) = CrjO^ + &0 + 2 (K 0 ,Cr 03 ). 

(o) By heating chromate of potash to redness in a tube of porcelain, and transmit- 
ting oyer it a currcnt*of chlorine. Chlorine by abstracting and combining with potas- 
sium forms chloride of potassium ; and chromic acid being unable, under the eonditions 
of the experiment, to exist alone,, is decom^ed into oxygen and sesquioxide of chro- 


2 Chlorine 


2 Chloride of^ potassium 


'2 Potash 1 2 Oxygen ^ 
2 Chromate of « \ 

potash^ ■ 2 Chromic ( I ^ 


' 2 PoJtassium 
2 Oxygen ) 


hromic ( ^ ' 

1 2 ^^um } ^ Sewiuioiide of (Siroiniuni 


2(KO,CrO J + 2£a = 2m + CrjO, + 3a 

(6) By transmitting the yapour of chloxo^ehrowic treid (a preparation to be here- 
after described) through a red-hot porcelain tube. The sesquioxide prepared by this 
method is obtained in crystals of extreme beauty. Their colour is yery dark green, 
almost black, and of sufficient hardness to scratch glass. In form they are octahedral 
-^isomorphous with natiye silicate of alumina, or corundum. The decomposition 
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which ensues when chlorochromic acid is transmitted through the red-hot tube is as 
follows 

' 2 Chlorine 

2 Chlorochromic . 1 Oxygen f Ji-scape 

acid ' 3 Oxygen ) 1 Sesquioxido ofr chro- 
, 2 Chromium' i mium 


Or, 


2Cr02Cl = CrA + 2C1 + 0. 


i 

I 


Salts of Sesquioxido of We have seen that the sesqnioxide of chromium 

is green, a colour which it imparts to dame ; and here arises an imporHnt qualitative 
distinction, one especially useful a blowpipe indication of the metal, and of frequent 
application to the arts of porcelain and glass-painting, ' A combination of sesquioxide of 
chrome, lime, and stannic acid is also employed as beautiful red pigment. Although 
acids combinq with this oxide, they do this readily only imder paiticular circumstances, | 
namely, whilst* it is hydrated, or before it has been strongly heated ; after this only 
strong acids combine with it, and with considerable difficulty. , 

Upon the whole it is rather an acid, than a basic i^rbstance ; it combines with 
several bases, of these the protoxide of iron fui^iishes the most remarkable example 
constituting the mineral known by the name of chromate of or more properly chrome 
iron. The constitrtdon of this body is FeO Crs O3. It sometimes occurs crystallized 
in regular octahedrons, being, therefore, the analogue of magnetic oxide of iron, and the 
spinelle ruby. More frequently, ' however, it occurs in the amorphous state. Its 
principal localities are Lancashire and Cheshire counties, Pennsylvania, Sweden, 
and the Uralian mountains. 

Salts of sesquioxide of chrome may be recognized by the following general charac- 
^.teijstics. With many acids it forms, as I have remarked, two scries of salts, the green 
and the violet-coloured. There are, for example, a green and a violet sulphate, each 
of which yields a precipitated of distinct hue when ammonia is added ; that of the green 
sulphate being bluish, the other greenish. Solutions of potash* and of soda produce 
an almost similar effect. Alkaline i^arbonates yield with both varieties a greenish 
precipitate. Hydrosulphates yield a biackj>reoipitate ; but hydro&ulphuric acid none. 
Fused with borax the sesquioxide of chromium, like the protoxide of that metal, yields 
a blue glass ; and funed with alkaline carbonates W nitrates, alkaline cWomates are 
developed, known by the yellow colour of their solutions. 

Chrome Alums. — Sesquioxide of chromiups, having the same atomic constitution 
with 8esquioxl(le of iron, and sesquioxide of alumina, and being moreover isomor- 
phous with these, may take their place in chemical combinations. Hence, we have the 
J[nteresting bodies chrome alums. Three of these are known, as follows : — 

Potash— Chrome alum .... CrgOsSSOj -t- K0,S03 ■+*24nO 
i^oda — Chrome alum • . . . . CraO^SSOj -f- NaOjSOg + 24HO 
Ammonia — Chrome alum . . . Crj03,3S03 + (NH3,H0)S03 + 24HO 


Chromic Add. 

Preparation. — There ere several methods of preparing chromic acid ; but the most 
simple is the following : — Four parts of bichromate of potash powdered are gradually 
mixed with thm of concentrated sulphuric add at a temperature of from ISO** Fah. to 
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140 Fah. The result of this operation is bisi^phato of potash which remains 
solution, and otystals of chromio acid which deposit on cooling. The crystals are 
be drained from much of their adherent sulphuric acid by being placed in a funnel 
supplied with a lonely fitting plug of asbestos, and finally drained dry by (^reading 
them on porous porcelain. StiU they retain a little sulphuric |usid : they should, there- 
I fore, be re-dissolved ih a small quantity of water, soliftion of chromate of baryta lidded, 
until a precipitate ifo longer takes pla^e, and recrystallized by evaporation in vacuo. 

Froperties. — Crystals of chromic acid have a beautiful red colour when cold, but 
when heated this colour deepens almost to blackness. If the heat be increased short 
of redness, th 9 chromic acid decomposes into sesquioxide of chromium, and oxygen. 
Chromic acid, on account of theumount of oxygen which it contains, and the facility with 
which the latter is evolved, is ««powerfuI oxidising agjent. Thus, when mixed with 
alcohol, sugar, or ode of many other carbonaceous substances, it suffers decomposition, 
and sesquioxide of chromium is generated ; the change being indicated by the occurrence 
of a green colour. Treated with hydrochloric acid, sesquichloride of tfirome results, 
andvchlorine is evolved, in accordance with the following diagram and formulae. 

t , 6 

6 Hydrochloric acid | ^ 

i 2 

2 Chromic acid \ ^ 

2 CrOj + 6 HCl = Cr^Cls + 6H0 + SCI. 

ChromiC^cid unites with sesquioxide of chropaium in several proportions ; but the 
resulting compounds have not been much studied. 

Chromic Acid with Bates {Chromates), 

Chromic acid we have seen to be isomeric with sulphuiig acid ; in other words, it has 
a similar atomic constitution. It readily combines with most bases, yielding compounds 
isomorphousj or belonging to the same crystalline system, with the sulphates. All the 
metallic chromates, with the exception of those Sf /uns, strontia, magnesia^ are insoluble, 
or nearly so. Chromic acid furnishes Jwo frell characterized series of salts, neutral 
chromates axifi bichromates ; the foftner yellow, the latter orange. Both yield a yellow 
precipitate with salts of lead and bismuth ; red liith those of mercury ; and very deep 
red with those of silver. Similarly to uncombined chromic acid, the chromates are 
decomposed into sesquioxide of chromium, apd a chloride of the radical of the base— 
when heated with hydrochloric acid. 

Perchromic Aeid, 

PrepwraXion . — By adding peroxide of hydrogen to chromio acid the latter is 
raised to a higher stnte of oxygenation, ande becomes perchromic acid, which may be 
dissolved in ether, but which has never been isolated nor obtained in combination with 
bases. 

Solutions containing perchromic acid possess a beautiful blue tint 

Chromium with Chlorine {Chhrides of Chromiuni), 

Of these compounds two are known, the protochloride and the sesguichloridls; cor- 
responding with the protoxide and the sesquioxide respectively. 


Hydrogen— s 



... are evolved 
I sesquioxide of 
chromium 


Chromium — ' 

Oxyiren ^6 Water 
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Betquichloriie qf Chremum* 

PreciBcly like cbloridc of aluminium, already described (page 427). 
It condenses in Ike form of crystals, having a light pink colour, in the cool portion 
of the tube. 

Properties, ^Qxato ixnoluble in cold water, but boiling water takes up a little 
generating a green-coloured solution. In water, however, holding a faint ti-aee of the 
compound, next to be > described— protocbloride ^f chromium — iu solution, the sesqui- 
chloride readily dissolves, with the evolution of much heat. 


Protoeldm'He of Chrofnium. 

PreparttUon.-^Hy transmitting hydrogen gas over anhydrous sosquichloride, heated 
to redness in a poredain tube. < * 

Properties , — white oompound, soluble in water, the solution heing bhie, rapidly 
absorbing oxygen from the air, and becoming converted into oxychloride. Like 
solutions of prdtoohloride, and of sdSquiohloride of iron, solutions of protochloride of 
chromium have the property of absorbing binoxide of nitrogen. 

Chlorme with Chremwn and Oxygen — Chloroehromie Acid, 

Preparation . — Fuse in an earthen crucible a mixture of 10 parts by weight of 
chloride of sodium with 17 parts of bichromate of potash, pour the fused mass on a flat 
stone or metallic sheet ; break it 'when cold, and distil it in a retort with .30 parts by 
weight of strong sulphuric acid. Ohlorochromic acid is evolved, and may be con- 
densed in a receiver kept cold with ice. 

Properties , — A deep red fluid, so much like bromine in appearance, that it is not 
easy to distinguish one from the other. Bpecifle gravity 1*71 ; boiling point, 248'* 
Fah. It is decomposed, by contact with water, into chromic and hydrochloric acid, 
'according to the following scheme. 


1 


acid 


1' Water 


*5 ss vxygi 

(1 Ghiori 

(1 Oxygen 
1 1 Hydrogen"’ 

CrO,a + HO == CrO, + UCi. 



1 Chromic acid 


Hydrochloric ncid 


Contpowtds of Chromium tvitii Sulphur and Hitrogen. 

A sulphurct'or sulphide of chromium may bo produced by transmitting ^he vapour 
of bisulphide of carbon over sesquioxido of chrome heated to redness in a tube of 
porf^gjain. The su^istance has a ciystoUine aspect, somewhat resembling native 
graphite in appearance. Its composition is represented by the formula Cr.^ S,. A 
oompouli^ o£ chromium with nitrogen may be formed by heating sesquichloride of 
chromium in ammoniacal gas. It occurs os a brown powder, the atomic composition 
of which has not been determined. 

KIC&BL. 

Atomic or equivalent weight 29 6 

Specific gravity . = 8*8 

^ History and Natural Hf^'y.—Xickei was nocognized as a distinct metal by 
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Cronstadt and Bergzzynn in 1751. It 1b obtained from an ore termed hy the Oermans 
Kifffer nicA'el, or false oopper, because it somewh&t resembles a eopper ore in general 
appearance, but contains none. When the ore in question was found to contain a new 
metal, the term nicl:el was retained. Nickel is also obtained from a commercial article 
termed speiss, being the residue of t^e ore from which cobalt is extracted. 30 th 
Kupfer nickel and Speisi are arseniurets of the metal. • 

Nickel is isolated from the arsenic with which it is associated in the preceding eom* 
pounds by the following treatment. *Tho ore is first dissolved tn a mixture of dilute 
nitric and sulphuric acids. The nitric acid converts the arsenic into arsenious acid, 
and nickel be^ng chugged into oxide of nickel, unites with sulphuric acid and forms 
sulphate of oxide of nickel. TJic liquor is now evaporated, when most of the arsenious 
acid crystallizes and is deposite^. Carbonate of potash is now added, and the solution 
being crystallized yields a double sulphate of nickel and potash. This salt may at first 
be slightly contaminated with arsenic, iron, and copper; by solution and crystallization 
twice, or three times, it may be completely frcc^from the former met4lF Copper may 
be separated by precipitation with hydrosulphuric acid (which neither throws down iron 
or nickel), and finally, nick^ oxide may be obtained free from oxide of iron by the 
action of liquor ammonise, tirhich dissolves the former, but leaves the latter intact. 
Oxalic acid precipitates the oxide of luckel from its ammoniacal solution in the con- 
dition of oxalate of nickel; which being heated leaves metalUc nickel. 

J^reparation. — One method of obtaining nickel in the metallic state has just been 
described, rir., by decomposing the oxalate of nickel by heat. A degree of heat short 
of redness suffices to effect this decomposition, but (he resulting nickel only aggregates 
into a metallic button when the heat applied is intense. If the metal be required in 
this condition, portions of dried oxalate are to be rammed into a charcoal-linod earthen 
crucible, and exposed for not less than two hours to the strongest blast of a smith's 
forge. Metallic nickel may also be obtained in a spemgy state by transmitting a«ar>« 
rent of hydrogen gas over oxide erf nickel heated to redi^ss in a porcelain tube; or in 
the condition of metallic button by exposing the oxide, mixed with sugar, starch, char- 
coal powder, or otlier carbonaceous materials to the highest heat of a smith's forge in a 
charcoal-lined crucible. Nickel produced by tUb operation last mentioned is cearhuretted^ 
or, in other words, holds in combination ajmall portion of carbon ; 4t therefore has the 
same relatioh to pure nickel, that oast iron and steel have to pure iron.* * 

Properties, — Nickel is a white metal, inclining to gray, vcry*magnetic at ordinary 
temperatures, but loses that property when heated to 400** Fab. Its surfeuie bears a 
high polish, and does not tarnish much by exposure to ordinary atmospheric agencies 
at common temperatures; when heated, however, its suxfisce becomes tiovezed with an 
oxide. Its proper chemical solvents are hydrochloric and sulphuric acids. Nickel, ^ 
when obtained as a metallic button, has the aspect of a brittle metal ; it is, hmmmmf 
malleable to some extent, and may be drawn out into wire. 

Compounds of nickel with Oxidop of Nickel, — Of those comp(fiii^ two ore 

known : the protoxide and sesquioxide of nickel 

Pfotoxide.of Nickel, 

Preparaiion and propsrtM.— When a solution of potash, or of soda, is added to any 
protosalt of nickel, the protoxide of that metal in hydrated state is thrown down* 
The latter being exposed to heat in a dose vessel, yields fl^ydrous j^toxide of nkkel. 

It may also be obtained by caldniag the hydrated carbonate of nickd, in [daee of the 
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hydrated oxide of that metal or f[nally, by decomposition of the nitrate at a Tery 
high temperature. Hydrated protoxide of nickel has a beautiful green colour; anhy- 
drous oxide of nickel is gray or hroim. 

Seaquioxide ofrlfiekeL 

Preparatum and propertiea.^lhis oxide may be generated snspending the pro- 
toxide in water, and eij|hlir transmitting th^oug!^ it a current of .oliiorine, or boiling it 
with a solution of commercial chloride of lime. It is a black powder, which evolres 
oxygen when heated, and leaves protoxide. It does not form any well-defined and 
permanent salts. • 

CkaracUriatic qmliiiea of nickel tolutions, eapeeiaUq aeluHone of the protoxide,-^he 
solutions of nickel which usui^y occur in the course tf mineral analysis, are of the 
protoxide or the protochloride, which latter belongs to the same '-practical category 
with the former. All these solutions, and the salts crysfallixed out of them, are 
characterized ^ a green tint ; in this respect presenting some analogy to the salts 
of copper, and certain {rrotosalts of iron ; the green tint, ])iowever, of nickel salts is 'far 
more decided than! of the former. Nickel solutions pel^ no precipitate with hydro- 
sulphuric acid; in which respect they resemble, amongst calcigenous metals, ■ the 
solutions of iron, cobalt, manganese and uranium. With hydrosulphate of ammonia, 
and the hydrosulphates generally, a black precipitate is furnished. Ferrocyanide of 
potassium generates a whitish pretipitate, and solution of ammonia a green precipitate, 
re-dissolved by lidding excess of ammonia, and then generating a deep blue liquid ; by 
the last two characteristics nickel solutions will be seen hereafter to assimilate them- 
selves to those of copper. Garbonatesuof alkalies, fdso alkaline arseniates and phos- 
phates, throw down a pale green precipitate. 

Oxygen Salta of Nickeh^Ot these, the sulphate of the protoxide of nickel is the best 
Mefified and the most beautiful; it may be readily prepared by saturating dilute 
sulphuric acid with protoxxdeix>f nickel and evaporating the solution. If the solution 
be only evaporated until a pellicle forms on its surface, and set aside to crystallize, 
the resulting crystals hold seven equiyalenfs of water of crystallization ; but if the 
evaporative process be continuous, the resulting crystals only contain six equivalents of 
water of crystalli^tion. In both conditions of. hydration the crystals of^, sulphate of 
nickel are very beautiful. Them colour is an intense grass-green. 

Alloya of Ifickel, — ^The most important of these alloys is German silver, a material 
now in extensive use as a substitute for silver itself. German silver is composed of 
100 parts copper, 60 of zinc, and 10 of nickel. The chief employment of German 
silver at this time is as a body on which pure silver or gold may be deposited by the 
, operation of electrotyping. For this purpose it answers well ; but the most casual 
dCsIflation sofficeb toT distinguish the metal from silver, when not thus disgiiised. 

dOBALT. 

Equivalent or atomic weight . . . 29*5 
Specific gravity . • 8*5 

Hiaiory and Natuirail ATfstofy.— Cobalt was first recogpiized as a distinct metal by 
Brandt in 1733. It ocours associated with nickel, from which it can only be separated 
completely by tedious analytical processes. 

Preparaiion , — ^The processes had recourse to for obtaining nickel in the pure 
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metallic state, so exactly resemble those already described for obtaining cobalt, that 
an;^ further description of them is unn^essary. 

Properties ^Cobalt, when obtained from its omde decomposed by a current of 

hydrogen gas, at a^ow furnace ^temperature, is a gray x>owder, which takes fire on 
coming into contact with the atmosphere, and is converted into oxide ; by effecting 
the same decomposition at a high temperature the resulting eol)alt is still pulverulent, 
but no longer pyr(]ll>l)p]:ic. When obtained, by the decomposition of the oxalate of 
cobalt, in contact with carbonaneous matter, and at a high temperature, the resulting 
cobalt occurs in the form of a metallic button, having the lustre of steel, bearing a 
polish, very byittle, having the magnetic property in a very high degree, and less 
oxidisable ^an iron when exposed to the influence of a moist atmosphere. The proper 
solvents for cobalt are the sulphide and the hydrochloric acids, with either of which 
it yields a solution, diydrogen gas being evolved. 

Cohalt with Oxy^eiu 

Qxidet of Coialt.— There a^ two known oxides of cobalt, both capable of yielding 
salts by union with acids ; t^ey are the protoxide, CoO, and the seS^uioxide, C02O3. 

Prothxide of Cohalt, j 

General Jtemarks. — All ordinary salts of cobalt contain either tlj^ oxide or its cor- 
responding haloid radical, the salts of which may, fir the most part, be recognized by 
their red or roseate colour ; some are red only when diluted to a certain point. This 
remark applies for instance to the protochloride of cobalt, the solution of which 
assumes, on being concentrated, a beautiful azure tint, but is red when diluted. The j 
difference of tint in this example may be the result of difference between hydration I 
and dehydration; it may, with equ^ probability, be referable to allotropism, an 
assumption which is rendered probable by the demeanour of crystallized chlorid# of • 
cobalt at various degrees of temperature. Whilst cold thij| substance is red, but when 
heated it becomes bhie ; no loss of water, however, t^es place, nor is any other 
change of chemical composition recognizable. This mutation of colour effected by the 
chloride of cobalt, has suggested its employmeflt as a sympathetic ink. If letters be 
traced with a weak solution of chloride ofjcobalt, they are at first ^invisible, because 
the rose-colollred modification of th# salt is not sufficiently pronounced to be 'apparent ; 
by heating the paper, however, the cobalt solution becomes * concentrate^ when 
assuming its blue tinge the lettezs written with it are easily seen. By allowing the 
paper to cool, the blue colour vanishes, and. by heating it reappears ; changes which 
may be determined indefinitely, provided the degree of heat emplo;fod be not too j 
considerable. • | 

Preparaiion.^The protoxide' of cobalt in combination with wntev, or “ 
may be obtained by treating any protosalt of cobalt with a solution of potash or soda, 
or of ammonia, provided the cobalt salt do npt contain excess of acid. Tfiq^hydrated 
protoxide thus produced is a light blue precipitate. When heated strongly the water 
of hydration is evolved, and the gray anhydrous protoxide remains. 

Salts of Protoxide of All the protosalts of cobalt admit of preparation by 

the direct neutralization of it with acids, and evaporation of the residue. Many can 
also be prepared, by processes not so direct, from ores of cobalt, especially the native 
arseniuret of cobalt^ termed cobalt glance. When a pure salt of cobalt is desired from 
cobalt glance, the latter should be chosen firee from nickel, with which it is frequently 
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[ associated. The cobalt ore from Tunaberg, in Sw’eden, being fmrest, is best adapted 
to the purpose : it may be treated by either of the two following processes * 
Proeeu 1.— -The pulyerized oiB is 'spread on a muffle, and heated until all its I 
sulphur has (been conrerted into sulphurous acid and eTolT6d,«and a (^nsiderable 
portion of its arsenic h^s been also eTolTed*ln the form of arsenious acid. Sitnul* 
taneously with the erolution of *one part of the arsenic as arsenious acid, another part 
unites with oxygen, afd^becomes converted intq arsenic acid «r&ch latter no sooner 
forms than it combines with the cobalt (which has by this time become oxidised), 
forming arseniate of cobalt At length the 'evolution of arsenious acid ceases, when j 
the operation is advanced another stage ; the material is mixed with charcoal powder, \ 
and the current of atmospheric air intercepted by closin{f up the muffle. The charcoal, i 
by virtue of its deoxidising property, converts the arrffliatc into the arseniuret, which, ■ 
on throwing open the muffle, is converted into arsenious acid,* which in its tum i 
escapes. Theoretically, the ioliole of the arsenic should be capable of separation by i 
the methods indicated ; but practically this is not the case. The last traces of arsenic ! 
are usually Amoved Ify roasting the cobaltic product with carbonate of soda and nstre, | 
by which treatment the arsenic forms arsenic acid, wh^h in its tum immediately \ 
unites with the soda, forming carbonate of soda. Inasmuch as arseniate of soda is ! 
soluble in water, whereas oxide of cobalt is not, the means of effecting their separa- 
tion is obvious. Mvcrtlieless, oxide of cobalt thus produced is rarely or ever pure, 
usually being mixed with oxide of iron. It should, therefore, be dissolved in nitric 
acid, the excessr of acid driven off by evaporation, the pemitrato of iron redissolved 
in water, and the peroxide of iron thrown down by carbonate of soda ; after which 
the oxide of cobalt may.be thrown down as oxalate by the addition of oxalic acid, or 
as protoxide by treatment with solution of potash or of soda. 

^Process 2. — Instead of the operation just described, the powdered cobalt glance 
may be incorporated with sulphur and carbonate of soda, and the mixture ignited 
in a crucible, by which trefltment a button, composed of a mixture of sulphuret of 
cobalt, arseniuret of cobalt, and sulphuret and arseniuret of sodium results. This 
button, being comminuted and digested with wenh oil of vitriol, hydrosulphuric acid 
is evolved, and solution of sulphate of cobalt remains, which deposits crystals of that 
salt on evaporation. * ^ 

Sulphate o/^ Cobalt — ^This’ beautiful salt may either be obtained indirectly by the 
process last described, or directly by saturating sulphuric acid with oxide of cobalt, and 
subsequently evaporating. The salt may be obtained either holding seven or six' 
equivalents of water of crystallization, dependent on the temperature employed in the 
evaporative operation. 

_ of- Cobalt^m&j easily bo formed by the direct process. When heated, pro- 

tomdoof cobalt, generally mixed with a variable portion of peroxide, remains.. 

Oxalate of Cobalt is an interesting salt, on account of its tendency to insolubility in 
various sc^iitions ; thus famishing a mcalfs of throwing down oxide of cobalt from cer- 
tain mixed solutions. Oxalate of cobalt occurs in the form of rose-tinted crystals when 
solution of oxalic acid is added to solution of sulphate, nitrate, or chloride of cobalt. 

Comhimiione of Cobalt with Silieie Acid and Silicates, — Silicic acid unites by fusion 
with oxide of cobalt, and forms silicates of that base. The silicates of cobalt, how- 
ever, are of much less interest and importance than the double silicate of coh^t and 
potash, to which the term smalt is applied. Smalt has a light blue colour, and is 
extensively prepared in Saxony and elsewhere as a pigment by heating the roasted 
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natiye arsenioBulphmt of cobalt with ailiceotui aand, and carbonate of potash in large 
crgcibles. The blue mass resulting fnm. this operation is broken, then finely powdered, 
and lastly separated from all coarser particles suspension in water. Zaifre is a 
kind of superior smalt. 

€ohalt*VHramiimm^ or Th9mrd^% is made by mixing hydrate of alumina 
with phosphate of oqhidt, and heating the mixture » to r^diicss in crucibles holding a 
little peroxide of aneroury, which latter, by evolving oxygen, improves the colour of 
the resulting compouhS. • • 9 

Otnerai CharaHtrwties of Cobalt in Solution {Protooalta), — (1) The most striking test 
of cobalt in ai^ state is the magnificent blue tint it imparts to glass. Salt and zaffire, 
in point of fact, are merely passes coloured blue with cobalt. For the purpose of 
developing this colour as a qualitative test of the existence of oohall, borax is usually 
the material chos^ for colouraSon. A platinum wir(? being bent Into a small loop is 
moistened, dipped in powdered borax, and heated to redness in the hlow*pipe flame, 
whefi a colourless head results. The bead is now moistened, dipped |sto % solution of 
coj^alt, or a powder containing that metal, and again heate4 to rmlnessi when the 
beautiful blue tint, so indi(w.live of the presence of cobalt, is imaodiately iq^porent. 

(2) Potash solution thnVs down the blue hydrated protoxide of oobah, the tint of 
which alters to red on the applicatiofi of heat 

(3) Ammonia throws down a blue precipitate soluble in exom of ammonia, the 

solution being brown. « 

(4) Solution of carbonate of potarii of soda, or of ammonia, throws down the pinkidi 
carbonate of cobalt. If carbonate of ammonia be employed, the precipitate thrown 
down is soluble in excess of the reagent. 

(5) Hydrosulphuric acid yields no precipitate, or alteration of colour, with solu- 
tions of cobalt ; but hydrosulphatc of ammonia (sulphide of ammoninm) yields a black 
precipitate. 

(6) Ferrocyanide of potassium throws down the fqrrocyanide of cobalt, having a 
dull green colour. 

Seaquioxido of Cohalt, 

Preparation ,’— protoxide of cobalt is suspended in water, and a current of 
chlorine transmitted. By this treatment^ one portion of the oxide is decomposed, its 
metal uniting with chlorine to form a chloride, and its oxygen uniting Vith another 
portion of protoxide to form sesquioxide of cobalt, which is thrdwn down. If, now, to 
the liquor holding protochlorido of cobalt in solution potash be added, the cobalt which 
it contains will be thrown down as protoxide, and this by further treatment with 
chlorine may be made to yield another portion of sesquioxide, and sb on by repeating 
the operations until the cobalt has been wholly obtained in the state of sesquioxide. 
An easier method of obtaining the whole amount of cobalt in the condition 
oxide consists in Using a solution of alkaline hypochlorite instead of free chlorine. 

« 

zncc. 

Equivalent or atomic weight . • . 32*6 

Specific gravity . . . from 6*86 to 7*20 

Zinc is not very widely diffused over the world, but in the localities which contain 
it the metal is abundant. It is found principally in two states, the oaihonate (ra/a* 
mine) and solphuret or zinc blende. Of these the carbonate is melted with the greater 
ease, and the zinc produced is of the better quality. In the production of zinc from 
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calamine the ore is first roasted, for the piupose of driving off water and carbonic 
acid; it is then reduced bj the conjoined agency of heat and* contact with carbo- 
naceous material ; powdered coke being employed in practice for this purpose. Inas- 
much, however, as zinc is a metaf of great volatility, the process of smelting differs 
from that ordinarily followed in the case of other metals. It is rit^sed in vapour and 
distilled ; the distiUatoryrapparatus being a crucible having a luted cover, and fur- 
nished with an earthenware pipe tl^rough its bottom; 
the other ehd of the pipe ternuhSting over a dish of 
water, as represented in the accompanying diagram. 
This process of distillation was termed by the older 
chemists JDktiUatio per deseeneum, 

The colour of zinc is bluish-white. Its physical 
properties differ remarkfifiily, according to the degree of 
heat to which it is raised. When cast into an ingot, and 
allowed to cool to the ordinary atmospheric temperature, 
zinc is £ somewhat brittle metal, and breaks under the 
shock of the hammer. Betti een 250° and 300° Fah. if'is 
malleable, and may be reducfd to the form of sheet by 
rolling, thus rendering it so valuable as a substitute for 
lead and tin plate. When the h^at is raised to 400° 
Fah.^ it becomes so extremely brittle that it may be 
readily powdered. At 773° Fah. it fuses, and heated to 
whiteness it volatilises, and may be ^stilled. Zinc shavings may be ignited by the 
flame of a candle as readily as strips of paper. They bum with a magnificent white 
light, and crumble into a fiocculent \^te oxide, to which the alchemists gave the 
name of Zana philoeopMea, 

Zinc, although an easily oxidisable metal, may be exposed to atmospheric agencies 
{qt considerable periods, without more than thin surface oxidisation. When heated, 
its power of absorbing oxygAi, either from dry air or aqueous vapour, is greatly 
mcreasod. Its power of rapidly decomposing aqueous vapour and liberating 
hydrogen, commences at a temperature opily a iitUe above the boiling point of water. 



212° Fah. ^ r 

Zinc is i«eadily attacked by the greater humber^of acids ; more especislly hydro- 
chloric and dilute sulphuric acids, both of which dissolve it with evolution of 
hydrogen. It is also acted upon when boiled with alkaline solutions. All the soluble 
combinations of zinc are poisonous; vessels of this metal, therefore, cannot with 
propriety be brought in prolonged contact with articles of food. 

Cimhinatim of Zinc with Oxygen {flxide of Zine), — Only one compound of oxygen 
undmnq is known ; it ^ composed of a single equivalent of each, and is, consequently, 
the pr^zide of zinc. Oxide of zinc is a powerful base, readily uniting with acids. 


and forming.wpll defined salts. 

FreparaAon, — One method of forming oxide of zinc I have already described ; it 
consists in burning fine shavings of the metal ; when a fiocculent result, lana philo- 
Bophica, nr pompholiz,— which is the oxide, results. Thus prepared, however, oxide of 
zinc always contains small traces of the free metal. In the hydrated form, oxide of 
zinc may be thrown down from the solution of any protosalt of zinc by the addition 
of potash or soda. The hydrate thus produced, however, retains a little of the alkali 
with much obstinacy. 
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If the oxide be inquired in the state of purity, one of the following methods of 
preparation should be adopted : — (1). Add carbonate of potash or soda to a protosolution 
of zinc until nothing further precipitates. Collect the precipitate, which is a hydrated 
carbonate, wash it^thorougbly, and drive off its carbonic acid by the application of 
furnace hc*at. (2). Oxide of zinc in th% state of complete purity may also be obtained 
by beating nitrate of vine in a crucible, when the elements ot nitric acid being given 
off pure oxide of zffic^^pmains. • 

Oxide of zinc is now generated on the large scale as a siibstitute for white lead 
employed as a pigment, over which it has the advantage of not blackening by exposure 
to sulphuretted hydrogen gas and vapours of hydrosulpbate of ammonia. It is, 
ne-^fertheless, deficient in the d^uality of body, and, to employ a technical phrase, it 
does not eover so well as white I^d. 

Salta of Oxide of Zitte,-— These salts are all of them characterized by a peculiar 
styptic taste, which assumes its maximum in the sulphate (white vitriol). All are 
colourless, except the acid which enters into t^ieir composition boaitself coloured. 
Thiir solutions yield with jiotash, soda, and ammonia, a white precipitate — ^the 
hydrated oxide — soluble in excess of the precipitant. Alkaline cifrbonates and ferro- 
cyanide of potassium also Throw down white precipitates, as, in like manner, the 
hydroBulphutes from solutions either acid or neutral ; hydrosulphuric acid, however, 
only effects precipitation from neutral solutions. 

Sulphate of Zinc {White Vitriol ), — This salt is "readily produced by effecting the 
solution of zinc in dilute sulphuric acid, and evaporating the solution until crystals 
form. They contain seven equivalents of water, of which six are disengaged, when 
the salt is heated to 212^ Fah. Sulphate of ziqp is generated on the large scale by an 
indirect process, the theory of which will be readily intelligible, froxg zinc blende or 
the native sulphuret. The material previously reduced to powder is slowly roasted, 
by which operation a portion of the sulphur entering into • its composition is evc*ved« 
in the state of sulphurous acid, whilst another portiojp absorbs oxygen from the 
atmosphere, and becoming sulphuric acid unites with oxide of zinc, also generated by 
the absorption of oxygen, and thus constitutes sulphate of zinc ; which, being soluble, 
may be extracted by lixiviation, and crystallizSd by evaporation to the proper extent. 

Carbonate of Zine . — ^It has already JbeeiS mentioned that oarbontte of zinc occurs 
native, ai^d^s termed calamine. *It is a true neutral, or mono-cafbonate, having 
the composition as indicated by the formula ZnO,Co 2 . It has never been artificially 
produced. ^ 

Sydro-carhonate of Zine , — ^This term has been applied to the hydrated carbonate 
which falls when solution of an alkaline cafbonate is poured into a solution of salt of 
zinc. Its composition is very peculiar, as will be seen from the subjoined formula, , 
which represents it : — (2ZnO. OOg SZnO.HO). ^ 

Zine with Svdphur^Sulphwrot of Zine. • 

Native sulphuret of zinc exists in large quantities. It is termed zinc blende, 
and is employed as the source of both white vitriol and metallic zinc. Artificially 
it may be generated either by heating a mixture of zinc filings, or of oxide of zinc (the 
latter is preferable) with powdered s^phurin a crucible. 

Propertiee . — ^Native sulphuTet of zinc is a translucid, brownish, compact material, 
crystallizing in forms belonging to the cubic or tessular system. Artificial sulphuret 
of zinc, prepared by the methods just described, is a yellowish-white powder. 
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Zine with CJh^Urrin^^Chhride of Zine, 

f' 

Preparation*-^!) By transmitting a current of dry chlorine gas through fragments 
ef metallic zinc. 

(2) By dissolving zino in hydrochloric add. hydrated chloride *6f zinc results, and 
this being heated to abouA 482° 7ah., evolves whole of its wAtor, and is converted 
into anhydrous chloride ot zino. 

Pr( 9 > 0 r<tes.~Chloridfj of zinc is a whifb, fusible, highly corre^ve liquid, possessing 
strong antiseptic properties, soluble in alcohol, combining with water with avidity, 
and not decomposable with a red heat, but evolved in the state of vapoury thus enabling 
it to be distilled. 

Gtneral Charaderiatiea of Zinc Salta* — (1) The most striking peculiarity of zinc 
salts is the colour of the precipitate (white) yielded'^by hydrosulphates in solutions 
both acid and neutral, or by hydrosulphuric acid in the latter. 

(2) Solutions of potash, soda, and ammonia yield a whito precipitate soluble in 
excess of the precipitant. 

(3) Carbonate qf ammonia yields a whito preoipitatd>oluble in excess of the pre- 
cipitant. ® 

(4) Carbonates of potash and soda yield white precipitates insoluble in excess of 

precipitant. , 

(5) Ferrocyanide of potassium, yields a white precipitate insoluble in excess. 

^ CADiaUM. 

Equivalent or atomic weight . . .56 

Specific gravity 8' 7 

Tills interesting metal is associated with zinc, with which it presents certain 
analogies. The history of cadmium is curious. In some parts of Germany the drugs 
and chemicals of apothecaries are examined for the purpose of rscertaining whether 
they are free from contaminations. In the year lSl7f a portion of white vitriol (sul- 
phate of zinc) having being subjectedno this ordeal, it was condemned; being con- 
taminated, as was /asserted, with arsenic. To this award the owner of the sulphate of 
zinc demurred, ^d referred it to Professor ^trofiieyer for examination; *^416X1, instead 
of arsenic, a new metid, eadmiwnf was discovered. Both cadmium and arsenic give a 
yellow precipitate on the addition of hydrosulphuric acid : — Whence the mistake. 

Method of obtaining Cod/titam.— Cadmium h has already been mentioned, occurs in 
combination with zinc; like which it is volatile, and may be distilled. It is consider- 
ably 9^pf'e volatile than zinc, however, being evolved at a red heat, whereas zinc does 
” xeakipQPOurize untU t]L3 heat is raised to whiteness ; this difference between the two 
will render the process of obtaining cadmium intelligible. The first portions of vola- 
tile matter, which pass over when zinc ore is distilled in contact with carbonaceous 
matter, anil which, on account of their burning with a brown flame, are called by the 
technical name of brown bloae, contain very little zinc, and are chiefly composed of 
arsenio and cadmium. It cannot, however, be obtained completely pure by this means, 
but a moist chemical process has to be adopted. The impure cadmium result is dis- 
solved in dilute nitric or hydflechloric acid, the acid being in slight excess, and a cur- 
rent of by drosul^uric aeid is transmitted, when sulphuret of cadmium is thrown down, 
which being redisselved in nitric ocid, and carbonate of potash or soda added, yields 
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carbonate of cadmiuift, and the latter by mixture rith charcoal powder, and diatUlation, 
eid>lTeB metaUio oadmiosn. 

Proper^.^CadiiiiQm is a soft, white, dw:^e,tad malleable metal, fhsiUo below 
redness, v^d mureWolsitile than ainc. 

CombinMiion of Cadmium teiih Oayffh^Oxide of CadmiMsi^Only one oxide of cad- 
mium, the protoxide* is known. 

Preparation . — ^AiAydrous oxide oi cadmium may be pr6|Aa;^d by butning cadmium 
in oxygen gas, or atmospheric air ; or by strongly heating nitrate of cadmium. The 
oxide in a hydrated condition may bo thrown down from any cadmium salt by the 
adjlition of sd&a or potash. 

Salts of Oxide of Chdinuiln.—All colourless acids when united with cadmium- 
oxide yield colourless salts of Cadmium, from which the hydrated oxide may bo preci- 
pitated by soda or* potaidi ; also by ammonia, though an excess of the latter readily 
dissolycs the precipitate. Carbonates of alkalies throw down a white p^cipxtate, which 
is a true carbonate of cadmium. Hydrosulphufic acid throws down*a yellow precipi- 
tate, the Bulphuret of cadmiam ; and alkaline hydrosulphates ^iroduce the same result. 
Sulx}hurct of cadmium is n|pt soluble in excess of tbe alkaline bydrosulphate, a quality 
which distinguishes it from the sulpkuret of arsenic. The salts of cadmium merit no 
individual notice. 

Tix. 

Equivalent or atomic weight . . zs: 6^ • 

Specific gravity • • . . =£ 7*3 

Sistory and Xatural IKs/ory.— This metal occurs in very few localities, but it there 
exists in considerable quantities. Tin has been known from periods of very high an- 
tiquity ; some of our present Cornish stanniferous districts having been worked by the 
Phoenicians. The purest tin is obtained from Malacca, ]{pit large quantities are obtained 
from the mines aftd stream-works of Cornwall and Devonshire. How long the 
Phoenicians enjoyed exclusively. this commerce is not easily determined; but in 
the days of Herodotus the Gmks appeal to have been acquainted with the tin 
countries by name only. They kimw ^at the tin with which stbey were supplied 
by the rloonician merchants Auue originally frmn the Cassiterides, the name by 
which they knew these islands ; and Strabo reports them to &Te been so determined 
to conceal whence they derived the metal from other nations, that the master of a 
Phcsnician vessel who suspected that a Romtn vessel was following him for the pur- 
pose of discovering his secret, chose to Vnn his ship ashore and* suffer shipwreck 
rather than permit his track to be discovered. In process of time, however, the Greeks 
of Marseilles obtained a considerable portion of this tradepand tin wasd&Mbief 
commodity they exported from Britain. In due course the Homans also discovered 
the tin countries ; and some time hefozw the first Punic War, Publitut^Orassus was 
sent to make a report on the tin mines, which constituted a branch of commerce 
between the natives of this island and the Phosnicians and Greeks many centmies 
before the commencement of the present era. The principal tin ore is the binoxide. 

Properties , — In physical appearance tin much resmbles silver. It is very malle- 
able, spreading under the hammer into a sheet, buPcannot be drawn into a wire. 
It fuses at about 450® Fahrenheit, and does not tarnish by exposure to the air. Tin 
readily dissolrei in hot hydrochloric acid, hydrogen gas being evolved, and protochlo- 
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ride of tin remaining in solution. Ip. dilute sulphuric acid it also dissolves, but not 
readily; strong and hot oil of vitriol dissolves it, with the .evolution of sulphurous achd 
and the formation of sulphate of oxide of tin. The strongest hydrate of nitric acid (mo- 
nohydrate) does not act upon tin ; but if diluted to the slightest exient violent action 
takes place, copious fumes of nitrous and hyponitrous acid are evolved, and the tin is 
converted into stannic acid— some^limes called binoxide, or peroxide of tin. Nitro- 
hydrochloric acid dissolves tin, and yields aolutioi), of the perchlcxcde. 

Oxiiti of Tin, 

Two of these are well known, — the protoxide and the binoxide, otherwise called 
the peroxide of tin, or stannic acid. 

Protoxide of Tin, 

Preparation. — (1) By adding carbonate of ammonia to a solution of protochloride 
of tin, the white hydrate of the protoxide of the metal is thrown down ; and if this be 
boiled, its water* of hydration is evdived, and it changes to the black anhydrous 
protoxide. The protoifide generated by this operation vapidly attracts oxygen by 
exposure to air, and is converted into binoxide. f 

(2) By adding caustic potash, or soda, to solution of protochloride of tin, a white 
compound, is formed of the hydrated oxide and the alkali. Boiling decomposes this 
compound, and genoiates sinhydrous black protoxide of tin; which, unlike that pre- 
pared by the operation last described, is stable in the air at ordinary temperatures. 
Flame ignites it, however ; when it bums vividly, and is converted into peroxide. 

(3) If ammonia be added to protochloride of tin, the mixture boiled and evapo- 
rated, decomposition ensues, and protoxide of tin is thrown down in the condition of 
red powder. 

Hydrated protoxide of tin acts the part of a feeble acid, and combines with various 
b&ses,*espocially the fixed alkalies. 

Binoxide^ or Peroxide of Tin (Stannic Add), 

Strictly speaking there are two isomeric modifications of this compound ; both are 
sometimes comprehended under one name,^but occasionally are distinguished as etanniCf 
and metaetannic acidx^ Stannic acid is prepaxj^d by treating metallic tin with strong 
nitric acid ; hietastannic acid is generated by the addition of water to perohloride of 
tin, when decompositioxf epsues and metastannic acid is deposited. Native binoxide of 
tin is the metastnanic acid variety. Both stannic and metastannic acids, after ignition, 
yield the same result, which may be distinguished by the name of peroxide of tin ; it 
is a lemon-yellow^owder, having acid properties, and combining readily with alkalies. 

« ^ Chlorides of Tin, 

are two diiorides of tin,-- the protochloride and the perchloride. 

Protochlorids of Tin, 

Preparation. — ^By dissolving tin in hydrochloric acid, solution of protochloride is 
obtained ; and by evaporating the latter, a crystalline hydrate of the protochloride is 
generated, holding 3 equivalents of water. Anhydrous protochloride of tin is generated 
by a mixture of caloo^ and powdered tin. 

Perehhride or BidUoride of Tin, 

Preparatum,-^{\) By transmitting a current of dry chlorine over powdered tin 
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until absorption of the chlorine no longer takes place, adding a little powdered tin to 
the result, for the pui^pose of removing free chlorifle and distilling. 

(2) By distilling one part of powdered tin and five parts of corrosive sublimate. 

Projasr^tss.-— Bichloride of tin is a thin colourless^iquid. It was known to the alche- 
mists, and called * fuming liquor of Libavius.** Heated to 248** Fah. it boils, and 
sublimes. The density of this substance is 2*28, an4 the density of its vapour is 9*2. 
It has a great tendqpcy to unite with water and form hydrate^, one of which is crystal- 
lisable, and holds five^uivalents of water ; dbnsequently its foftnula is SnClj-f- dHO. 
When heated, per-cbloride of tin is decomposed, hydrochloric acid being evolved, and 
metastannic acid remaining. 

Tin Mh Sulphur — Sulphureta of Tin, 

Two combinations of sulphur with tin are knowil, — ^the protosulphuret and the 
hhulphuret. 

Protosulphuret oj^ Tin, 

JPreparaiion, — (1) A mixture of tin filings with sulphur is*heated in an earthen- 
ware crucible when combination ensues, but the result contains ezdess of tin. To free 
it from this it is powdered, mixed wi^ a further amount of sulphur, and again ei^sed 
to heat. 

(2) Protosulphuret of tin, in the hydrated condition, is formed when a current of 
hydrosulphuric acid is passed through a solution of ^rotochloride of tin. 

Properties . — ^Anhydrous protosulphuret of tin is a gray, crysta^^e body. The 
hydrated protosulphuret is a dark brown, almost black powder. 

• 

Pisulphuret or Persulphuret of Tin, 

Preparation . — Bisulphurct of tin (hydrated) is the yellow result of transm|(tin^ 
hydrosulphuric acid through a solution of percbloride of tin. If instead of hydrated 
percbloride of tin, vapours of the anhydrous Bubstance4>e transmitted through a por- 
celain tube, heated to dull redness, along with hydrosulphuric acid, anhydrous perohlo- 
ride of tin results in the form of yellow cry^italline scales. This material is called 
aunm musivum, or mosaic gold, and is frequent application in the arts. When 
prepared on the large scale, however^ th# following process is adopted : — an 
of 12 parts of tin and 6 parts of nJercury is intimately mixed with 7 parts of flower of 
sulphur and 6 parts of sal ammoniac. The mixture is heated in a long-necked AmIt by 
means of a sand bath, up to the temperature of dull redness. Portions of sulphur and 
of sal-ammoniac, sulphuret of mercury, and protochloride of tin are evedved, leaving the 
pure bisulphuret of tin in the flask. The use of the sal-ammoniac employed in this 
operation is to prevent, by its evaporation, a too great elevation of temperatureL^i^ * 

Characteristics of Salts of Tm. —General remarks. Both ozi& o^ tin act the^uble 
part of acids and bases, but the acid quality, even of the protoxide of tin, ^predominates. 
Solutions of tin may, therefore, come undex^he notice of the chemists as piStosolutions 
and persolutions, and these may again be sub-divided into tin-acid and tin-basic. 

Special Characteristics of Protosolutions of Tin.— Oi this class of bodies, solution of 
protochloride may be taken as the most convenient type— it illustrates the following 
characteristics : — ^ 

(1) Solutions of caustic potash and soda yield a white hydrate of the oxide 
soluble in excess of the precipitant. 
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(2) AouQQnia aad its carbouBte, «Iao csrboaatet of the fixed alkaUes^ yield a white 

hydrate of the oxide, imtihthUi in excess of precipitant ^ 

(3) Hydrosulphuric acid, and the hjdrosulphates, yield a black pxec^itate,— the 
hydrated protosu^huret of tut * 

The preceding remarks ere common to all sduble protosalts of^tin, in ^ition to 
which the protocblondeehas two remarkable 'bharacteristici of its own ; mixed witli 
chloride of gold it yields a purple precipitate, much used in'^fe art of porcelain 
painting, and known the purple powder of Cqeeiue^ and added to a salt of mercury 
it reduces the latter to a lower degree of oxygenation, or takes from it all the oxygen, 
yielding metallic mercury according to the nature of the mercury salt and the quantity 
of protochloride employed. Thus, if bichloride of mercury (corrosive sublimate) bo the 
subject of experiment, it is first reduced to calomel (pfibtocbloride), and this latter is 
finally reduced to the condition of metallic mercury. • ' 

Special CharacUrieties of Perealts of Tin, 

(1) The caustic fixed alkalies th#ow down a white hydrate, soluble in excess of 

the precipitant. ^ *. * 

(2) Ammonia throws down the same hydrate, but irnsolublc in excess of pre- 
cipitant. n 

(3) Solutions of carbonated fixed alkalies throw down a white hydrate, slightly 
soluble in excess of precipitant. 

(4) Solution of carbonate of ammonia throws down a white hydrate, insoluble in 
excess of precipitant. 

(6) Hydrosulphuric acid throws down a yellow precipitate, the hydrated bisul- 
pburet; insoluble in excess. •* 

(6) The alkaline hydrosulphates throw down the same hydrated bisulphuret; soluble 
in excess of precipitant. 

Rrmarke^The yellow colour of the precipitate thrown down from solutions of the 
bichloride of tim by hydrosulphuric acid and the hydrosulpbates merits especial atten- 
tion, as being of a similar oolour to the precipitate yielded by arsenical solutions treated 
in the same manner. Two metals only, of those Which have already oome under our 
notioe furnish ydlow precipitates, with hyd^sulphuric acid and the hydrosulphates. 
They are eadmii^ and tin in the atate of perckloride, and some other fb^s of per- 
combimtion. Hereafter it will be seen that solutions of arsenions acid also furnish a 
yellow precipitate, with the same re-agents. Some chemists inelude antimony in the 
list of metals which afford 'a yellonr precipitote, with bydroeulphurio acid and the 
hydroanlphates. ^ Strictly speakmg, however, the tint of this latter is orange-red ; but ; 
iBaamtioh as it may count for yellow in certain coloured solutions, we may as well j 
antimony in ^the list of metals fhniishing yellow precipitates with hydro- | 
au^SSeio acid and'tbe hy&xMiulphates. 

TTEA^ntTM. 

Equivalent or atomic weight . . 25 

Stifle grayity ... , > 

This metal is found in nature as a constituent of titaniferous iron, and in thq form 
of a mineral called ruSlt^ which latter in titanic acid almost pure ; it exists, laoxeover, 
in several other minerals, but in small quantity. 
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Preparation. — Metallic titaniuia nuty be obtained in the laboratory by heating the 
pcrohloride of titanium in a glass flask, and passiflg into it a current of ammoniacal 
gas. The ammonia combinca with the perchloride^of titanium, and forms a pulver- 
ulent substance. The flask now being surrounded with burning charcoal, sal- 
ammoniac ^ublimes^ and metallic titanium remains in the form of little globules. 

Titai^um, thus prepared, is somewhat^easUy attacked by acids, whereas 
titanium which occurs as a casual result in iron-smelting fon^aces, is not. 

Comhitiations of with O^jgen. Of these bodies %hrec ore known ; the 

protoxide, sesquioxidc, and titanic acids. Their respective composition is os follows : 


Protoxide of titanium . . Ti 0 

Sesquioxide t Ti O 3 

Titanic aeid .* « • > • • • . Ti O 3 


Of the preceding bodies, titanic acid is the most important. 

Preparation. — ^Pulverised titanite having been mixed with carbonafpaof potash and 
fused, the result is treated with water, by which means all excels of alkali is removed. 
The residue is now dissolvedkhi hydrochloric acid mixed with water and boiled, when 
titanic acid precipitates. \ 

Properties, — Titanic acid is a whitS powder, soluble in acids, with which, however, 
it does not form permanent salts, the acid solutions being ^ecomjgoscd by boiling, as 
wo have seen already in the preparation of titanic acid. These characteristics of 
titanic acid-^-namely, its solubility in acid when freshly prepared—- but cosy decom- 
position of the acid solution, assimilate titanic acid to biUca. 

Protoxide of Titanium^ 

When titanic acid is strongly heated in a charcoal-lined furnace it loses oxygen, 
and is converted into a black powder, which ohemisU for' the [most part regaifl a* 
protoxide of titanium. 

Seequioxide of Titanium, 

When titanic acid is strongly* heated in, a current of hydrogen gas it is con- 
verted into a black powder, which is con^dcred to be sesquioxide of titanium. This 
oxide in a hydrated condition preCipUatesf when ammonia is added to a •solution of 
the sesquichloride of the metal. * * 

Titanium and CJdorpte — Chlorides of Titanium, 

Two chlorides of titanium are known ; *tho • sesquiohloride corresponding with the 
sesquioxide, and the bichloride, which corresponds with titanic aoid, and which is, 
therefore, the bichloride. 

PercMoride of THanitm, 

Preparation, — ^An intimate mixture is %ffected of titanic acid and cSrbonoceous 
matter, the whole is placed in a tubulated retort, and a current of diy chlorine gas is 
liberated upon the mixture, heated by means of a tube passing through the tubulure of 
the retort ; a full red heat is necessary for conducting the operation. Chloride of 
titanium passes over in the condition of a volatile colourless liquid, and must he 
condensed in a receiver, surrounded by a freezing mixture. It combinee violeiitly 
vritb water, behaving like the bichloride of tin similarly treated. 
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Sesquiehhride of Titanium, , 

Preparation , — By transmitting hydrogen, saturated with the vapour of bichloiide 
of titanium, through a red-hot porcelain tube. 

Proportiee , — crystalline violet-tinted material, very deliquescent, and forming a 
violet or red solution wi^ water. The most ^^rominent characteristic of the sesqui- 
chloride of titanium is its powerM reducing quality. It precipitates gold, silver, and 
mercury from their solutions in the metallic state, and reduces ^f>pt>er solutions to the 
minimum state of ozydation. In like manner, it decomposes sulphurous acid with the 
liberation of sulphur. This latter agency is especially remarkable, sulphurous acid 
itself being a powerful reducing body, separating oxygen from many m\bstances, and 
em|doyed practically for the purpose in question. 

General CharaeterUtiea of Titanium and its Compounds , — ^The similarity which titanic 
acid bears to silica has already been pointed out ; in certain respecU titanium bears a 
relationship to tin, as will be seen on a comparison of the stanniferous with the 
titaniferous compounds. The two, hoi^ever, admit of being readily distinguished by 
the following blowpipe characteristics : — Tin compounds, when mixed with charcoal 
and carbonate of soda, and heated in the blowpipe flame, xlcld metallic tin ; whereas 
titanium compounds mixed with borax, and heated in the oxidising part of the blow- 
pipe flame, yield a colourless glass, becoming at once blue when acted on by the 
reducing flame. o 

TAin^ALUM, TANTALIim, OB COLUMBimC, NIOBIUM, ILMENIUM, AND PBLOPIUM. 

These metals are amongst the curiosities of mineral chemistry ; very little con- 
cerning them is known, and they have hitherto been procured in quantities so small 
that the study of their chemical relations is very incomplete. 

Tantalium was discovered by Mr. Hatchett in 1801, in a mineral brought from 
Ameiica ; he therefore gave the name of Golumbium to the extracted metal. In the 
year 1802, the Swedish chemigt Ekeberg rediscovered the metal in a Swedish mineral, 
not being aware of what Hatchett had accomplished. Subsequently, Dr. Wollaston 
proved tantalium and columbium to be identical. 

Niobium and Pelopium were both discovered by Heinrich Bose in the year 1846, 
and llmenium by Horrmann in 1847. All tl^se metals are found associated with tan- 
talium, in tLe Svedish mineral yttro-tantaUte, 


Equivalent or atomic weighr . . . 103*7 

i Specific gravity 11*445 

It unnecessary to state that lead is a very useful and abundant metal, that it is 
*lai 3 r^.;'sed in the^rtc and manufactures, and extracted from its ores with facility. 
Commercial lead, however, is never pure ; a very general impurity being silver, besides 
which theri^ as.'e others. The presence of portions of silver in lead too inconsiderable to 
render its extraction remunerative, materially lessens the value of lead for many pur- 
poses, more especially those of gold and silver assaying, in the course of which pure 
lead is employed, as will be seen hereafter, when these metals are treated of. 

Preparation of Load yiNrs).---When crystallised nitrate of load is decom- 

posed by heat, pure oxide of lead lemaixis, and the latter if mixed with charcoal and 
sugar into a paste, dried, and heated in a crucible lined with charcoal yields pure 
metallic lead. 
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Tropertm, — The physical properties of lead are i^ell knows, amongst which its 
so^ess is most cons^cuous. In proportion as lead is tinmixed with other metals, so is 
it more soft. The malleability, ductility, and ready fusibility of this metal are so well 
known, that these properties require no comment. ‘ The temperature at which lead 
fuses is about 635°i?ah. 

Lead, when absolutely clean, is a soWwhat brilli/int metal, but it easily tarnishes 
by exposure to atn^ospheric influences ; becoming covered with a superficial layer of 
oxide, and oxide mixdtPwith carbonate of lead. This change* greatly facilitated by 
the conjoined agency of moisture and carbonic acid. The superficial crust of lead oxide 
formed under these circumstances has been much studied, in relation to the action 
up(vi it of water. Pipes of lead, and cisterns of that metal, are so commonly employed 
for the conveyance and retention of water, that it is eminently necessary to determine 
the conditions under which theii employment is safe, or the contrary. The following 
is a summary of the chief facts which have been made out in relation to this subject : — 
Water absolutely pure, that is to say, free from air as well as solid impurities, does not 
dissolve lead. Such is the expression of a chemidal fact ; but the conditions are almost 
impracticable. They may be^ secured for the purposes of demonf^ation, but do not 
admit of being applied in piactice, inasmuch as water no sooner comes in contact w^th 
atmospheric air than a portion of the'^ latter is dissolved, when the water thus charged 
attacks lead with facility, as may bo demonstrated by steeping a piece of lead in 
distilled water, when speedily the liquid will be found to contain Iraces of lead by the 
evidence of tests for that metal, — ^more especially hydrosulphuric acid. If, however, 
instead of pure water charged with atmospheric air, water holding a little saline matter 
be employed, its power of dissolving lead will be found either to have vanished 
altogether, or to have much diminished, according to the quantity and the nature of 
the impurities in question. Practically, then, the deductions are these: — Distilled 
water must on no account be passed through leaden pipes or stored in leaden cisterns 
neither must rain water, approaching, as it does, more nearly to the condition of abso- 
lute purity than any other kind of water naturally listing. Eiver water may 
generally be brought into prolonged contact with lead without fear of danger, and so, 
in the majority of instances, may spring water-; but there are exceptions. Some kinds 
of spring water arc so remarkably free frean contaminations that t}iey act upon lead. 
Ik'foro adopting lead to the purposes (if water retention, it is well to $ry the efiect of 
steeping lead in a portion of the water daring some days, and testing the fluid for 
lead. In all cases involving the solution of lead by water, the process of solution goes 
on at the line of the water level, and, vJonsequently, at the line where air and water 
simultaneously act. 

Combinations of Oxygen with Lead — Oxides of Lead, 

Three combinations are known of oxygen with lead. They are the suboxide, the 
protoxide, and the binoxide. The latter iE^sometimes denominated plunsbie acid. In 
addition to these oxides, the binoxide, as acid, combines with the protoxide as base, 
and forms one or more intermediate oxides, or rather lead salts. 

8iiboxide of Lead, 

Preparation,-^'^^ heating oxalate of lead, at a temperature of about 570® P., until 
no further gas is disengaged. In some chemical treatises the suboxido of lead is con- 
sidered to be a mixture of metallic lead and protoxide of the metal, an opinion which 
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PROTOXIDE AND BINOXIDE OF LEAD. 


cannot 1>e reconciled iiritli the fact that qnicksilyer triturated with the oxide does not 
diisolve the smallest particle of lead, «srhich it would do if the lattbr existed. Its ooffi- 
position is indicated by the f6nniila^Pb20. 

Troioxidt of Lead, 

Prepar(sHBn,'^iyi By caidnin^ the nitrate or the carbonate ofjead. 

(2) By adding aolution of ammonia to a solution of any proto^ of lead. 

The result of the fiirt 'operation is anhydronsrprotoxide of Ibdd, that of the second 
operation is usually hydrated oxide of lead ; but if, after the addition of ammonia, the 
solution be evaporated, protoxide of lead separates in the anhydrous condition. 

Prop^r^iM.— Hydrated protoxide of load is a white powder ; anhydrous protoxide of 
lead is either red or yellow, according to the temperature at which it has been pre- ' 
I pared. Anhydrous protoxide of lead is produced on'' large sc|le, and applied to 
many purposes in the arts and manufactures. When completely fused it is called 
litharge, but when the heat employed in generating it has been less intense, so that it 
remains pulverulent, the term massicot is applied. Protoxide of lead, though readily 
uniting with acids, ^an^ forming well-defined salts, is it8efi^,an acid ; readily combining 
with potash, soda,*— even ammonia, and many of the earj^hs, more especially baryta, 
strontia, and lime« Its composition is indicated by the formula PbO. 

Binoxide^ of Lead^ or PlumUe Add, 

Preparation. — (1) By digesting minium, or red lead, which may be denominated 
chemically plutniaie of protoxide of Uad^ with weak nitric acid, when protoxide of lead 
is dissolved, protonitrato of lead formed, and hinoxide of lead isolated. 

( 2 ) By transmitting a current of chlorine through protoxide of lead suspended in 
water. 

i^) By pouring an alkaline hypochlorite into a boiling solution of acetate of lead. 

The second and third of these processes yield hinoxide of lead simultaneously with 
a variable portion of chloride^ of lead ; and the latter, as wc shallnprescntly learn, is a 
somewhat insoluble substance. Hence, the hinoxide of lead prepared by either of these 
processes must be copiously washed with boiling water, to effect tho removal of the 

chloride. c. 

o ^ 

Proper^tM.— jA pucG-ccdoured powder, whicn docs not combine with acids, thus 
demonstrating the absence of basic quality, bat which readily combines with potash, 
soda, lime, baryta, strontia, and some other bs»es, forming, in many cases, well-defined 
crystalline salts. The most leading characteristic of hinoxide of lead is dependent upon 
the facility with which it yields up oxygen to substances having an afi^ty for that 
i elemeqt* For example, if mixed with an aqueous solution of sulphurous acid or the 
’ dgmsgis. it at onco^coigverts the latter into sulphuric acid, and is itself reduced to pro- 
toxide of lead, whicdi immediately oombining with the sulphuric acid generated, forms 
sulphate of protoxide of lead. By this m^ans sulphurous add may be separated from 
other gases. 

Batts containing Protoxide of I^ead as Base^Svlphate of Lead, 

Preparaftbn.— Dilute sulphuric acid does not act upon lead, cither hot or cold , but 
concentrated sulidiuiic add, when boiled with lead, first converts tho metal into pro- 
toxide with the Ubention of solphurous acid, and finally unites with the protoxide, 
giving rise to sulphate of protoxide of lead, more usually designated eulphate of lead. 
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Sulphate of lead may also be generated by the addition of sulphuric acid, or a soluble 
stdphate to any protosalt of lead. • 

Properties , — white powder, hearly insoluble in water, but slightly soluble in acid 
liquors, especially such as contain sulphuric acid. Boiling bydrochWie acid decom- 
poses it, and geneAtes chloride of lead. Sulphate of lead cannot be decomppsed by 
heat alone, but if igi^ted in contact with carbonacecgis matteft*, in close ressels, it loses 
oxygen and become sulphuret, or sulphide of lead. Sulphate of lead, diffused through 
water slightly aciduldllod with sulphuric acfd, is at once decednposed by contact with 
iron or zinc : boiling solutions of carbonate of potash, or of soda, also decompose it, 
with the fommtion of carbonate of lead, and sulphate of the alkali. 

Nitrate of Lead,' 

Preparation . — Sy digesting litharge with nitric adid, or by acting upon metallic 
lead with the same acid. In cither case the acid must bo in excess, otherwise a basic 
or subnitratc of lead is formed ; the tendency ^ generate basic or gifbsalts being a 
characteristic of the protoxide of lead. The solution obtajpgd, as described, being 
evaporated and set aside to crystallize, deposits crystals of nitrate lead. 

jheiates of Lead. 

There exist several acetates of lead ; one neutral, and the romginder basic, or sub- 
acetates. 

Neutral Acetate of Lead, 

Preparation . — By boiling litharge with dilute acetic acid (vinegai*), taking care that 
the acid be always in excess; and crystalUzkig by slow evaporation. Crystals of 
acetate of lead contain three equivalents of water ; hence their composition is expressed 
by the formula PbO. C 4 H 3 O;, 3HO. 

Properties . — Acetate of lead has a sweet taste, hence the popular name smgaro^ad. 
Tt readily dissolves in water, and its solution exposed loathe air absorbs carbonic acid, 
giving rise to tbc formation of carbonate of lead. Crj stals of acetate of lead evolve 
the whole of their water in vacuo, and also wljjen heated to 212° F. 

Subacetatesj qp Bckc Acetates of Lead, 

The best known of these bodies, as also the most important, i»thc trie, or triacetate, 
formed by dissolving neutral acetate of lead in water, and boiling the solution with an 
amount of litharge equal to the weight af oxide contained in the original acetate. The 
formula of this acetate is 3PhO. C 4 H 3 O 3 -f- HO. When dissolved in^watcr it consti- 
tutes the well-known Goulards Extract^ employed in surgical and medical practye. 

All the acetates of lead, but more especially the basic acetatci^ have the proj^j^g^f ' 
combining with certain vegetable colouring matters, and forming somewhat insoluble 
precipitates. A good illustration of this property is furnished by common yellow or 
muscovado sugar. If this substance be dissolved in water, the solution bea&d to about 
12 ff’ F., and Goulard’s solution added, 'a dehsc ffocculunt precipitate fonns; and the 
sugar remaining in solution is almost freed from colouring matter; but it is still 
contaminated with lead. The latter, however, may be effectually separated, even on a 
large scale, by a stream of sulphurous acid. Taking advantage of this property, I 
some years since introduced subacetate of lead as a purifying agent in sugar refineries, 
using sulphurous acid to remove aU excess of lead. 
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Cbhride of Lead, * 

Freparatim. — By adding hydrocliloric acid, or any soluble chloride, to a solutle 
salt of lead ; or by digesting protoxide of lead with hydrochloric acid. 

FroperUes, — A white powder, somewhat crystalline, soluble in* 135 parts of cold *j 
water, but considerably more soluble in hot water. j 

Carbonate of Lepd, or "^ite Lead, 

This important substance is well known, owing to its employment as a white pig- 
ment. Notwithstanding its quality of becoming black by exposure to atmospheres 
containing hydrosulphuric acid or hydrosulphate of ammonia, and the dadgerous resplts 
of handling it continuously, no other preparation has be6n found competent to take its 
place. 

Carbonate of lead may be readily made by bringing a solution of acetate of lead in 
contact with s^oluble carbonate, or gaseous carbonic acid, pure or mixed. On the 
large scale, there are seyeral proccsseli of manufacturing it, which the limits of this 
volume will not permit me to describe. ' 

General Charaeterieties of Lead Sdlts, 

Sulphuric acid, or soluble sulphates, throw down a white precipitate, quite insoluble 
in watery sulphate of lead, 'the qualities of which have already been described. 

Hydrochloric acid, or solution of chloride, throw down the chloride of lead nearly 
insoluble in cold-water. 

Hydrosulphuric acid and hydrosulphate of ammonia throw down a black pre- 
cipitate. • 

Iodide of potassimn throws down the yellow iodide of lead. 

Soluble chromates and bichromates throw down the yellow chromate of lead. 

Xmmonia, carbonate of soda, potash, and ammonia, all throw down a white pre- 
cipitate insoluble in excess, t 

BISMTTTH. 

Equivalent or atomic weight . 213 

Specific gravity • . . 5 ^ 9*9 

Properties—^A cry^ftalline mctol, white, but withT'a certain tendency to redness, and 
[ fusing at about 510'’ Fab. Bismuth is not affected by exposure to dry atmospheric 
air ; but if the air be moist, its surface slowly^oxidises. Nitric acid is its best solvent ; 
hydrochloric aqd sulphuric acid attack it only when hot,*and even then with dijSiculty. 


Bismuth and Oxygen — Oxides of Bismuth, 
combinfttiofis of oxygon with bismuth are known ; their composition is as 
follows : — 


Biemuth. Oxygen, 


Oxide of bismuth • . • . . .2 3 

Peroxide of bismuth, or bismuthic acid ... 2 5 

Intermediate oxide, a compound of bismuthic acid 
with oxide of bismuth 4 8 


Oxide of Bismuth, 

The per-centage composition of oxide of bismuth is as follows - 
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Bismuth , . . . . 89*86 

Oxygen . . . , 10*14 


100*00 

Some chemists regard it as a compound^of one equivalent of bismuth plus one equi- 
valent of oxygen ; hq,t this assumption docs not accord with iSic analogies of the oxide. 

Preparation , — («). Anhydrous Oxide, — (1) By heating the metal in contact with 
oxygen or atmosphefio air. (2) B}^ heatidg one of the basic nitrates of bismuth. 
(3) By boiling the hydrated oxide next to* be described with solution of potash. 

{b). Hydrated Oxide,’~-'Qj adding solution of potash, soda, or ammonia, to one of 
tha basic or s&nitrates, and not heating the mixture ; otherwise the anhydrous oxide 
(see above) will be generated. , 

Properties, — ^A^hydrous oxid6 of bismuth is yellow ? hydrated oxide white. 

Salts of the Oxide of Bismuth, 

The most important of these, and the only ones of which we need*take cognizance 
huve, arc the neutral nitrate qf bismuth, and the basic or sub-l!itrates of bismuth, its 
derivatives. 

Nitrate of Bismuth {neuJbraT), 

Preparation, — By digesting metallic bismuth, or its oxide, with nitric acid, and 
evaporating. 

Properties. — k. colourless crystalline deliquesceift body, having the composition of 
BijOjj 3 NOg -f- HO. It may be dissolved in a small quantity of watpr ; but when the 
amount of water added is considerable, it decomposes into a solution which contains 
oxide of bismuth combined with excess of n\tric acid, and which is consequently a 
supemitrate, and a white precipitate which contains oxide of bismuth, with less nitric 
acid than is found in the neutral nitrate ; hence it is a sub- or basic nitrate of bismuth. 
The exact composition of the resulting super and subnitratc of bismuth varies aftord- 
ing to the relative amount of water added. One of thg subnitrates of bismuth (the 
trisnitrate) is used* in medicine, and the subnitrates generally are employed as 
cosmetics. They possess the disadvantage, however, of blackening by exposure to 
hydrosulphuric acid or the hydrosulphates. 

The peroxide of bismuth, or Usmut^e aid, merits but slight attexftion : i1^ is prepared 
by transmitting chlorine through potash solution in which hydrated Axide of bismuth 
is suspended, or, still better, adding solution of hypochlorite ol soda to the hydrated 
oxide, and boiling. Peroxide of bismul^ is a brown powder, not capable of uniting 
with acids. 

General Characteristics of Salts of Bisinuth, 

(1) Decomposition by the addition of water. — 'Wq have already seen that the addi-« 
tion of water to nitrate of bismuth decomposes the salt into %ui>bmitrate, tUtPISftb- 
nitrate. All salts of bismuth participate in this quality, thus furnishing the most 
striking characteristic of the metal ; not that bismuth stands alone in tHWespect, but 
it furnishes the most conspicuous example. 

(2) . Hydrosulphuric acid, and hydrosulphates throw down a black precipitate not 
soluble in excess. 

(3) . Alkalies and their carbonates yield white precipitates insoluble in excess of 
precipitant. 

(4) . Copper, iron, or zinc immersed in a solution of bismuthic salt, throw down 
metallic bismuth as a black powder. 
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ANTIMONY. , 

Equivalent, oi* atomic weight ... 129 

Specific gravity 6*8 ^ 

« 

This important metal^s chiefij' found in nature as a sulphilret, though not pure. 
The commercial designation of native ^sulphuret of antimopv fa simply antimmy^ 
whereas antimony in a chemical sense is termed in commercial language regtdus of 
antimony. 

Frojpertiea . — Antimony is a white, crystalline, exceedingly brittle metal ; it melts 
at a heat below redness, volatilizes at a white heat, and has a specific gravity of about 
6*8. It may be exposed to cold atmospheric air, moisf or dry, without oxidation, but 
when strongly heated it cnimbfcs into oxide. Nitric attacks it energetically, binoxido 
of nitrogen being liberated, and antimonic acid (a white powder) remaining. 

c 

CmnUnatiqns of Antimony with Oxygen — of Aniinmiy. 

Three of these compounds arc known : oxide of antiii|ony, antimonious, and anti- 
monic acids. Many chemists regard the second as a (^mbination of the first and 
third. The per centage composition of these oxygen compounds is well determined ; 
but chemists are not agreed as to their exact atomic constitution. Some consider 
oxide of antimony to be composed bf two equivalents metal plus three of oxygen, and 
to be represented^ by the formula Sbj O3 ; others believe the amount of antimony com- 
bined with the three of oxygen to represent one atom. Similarly, antimonic acid may 
be regarded as composed of Sbo O5 or Sb O5, and antimonious acid may be regarded as 
Sbj O4 or Sb O 4 . 1 shall adopt the latter of these hypotheses — ^not as being neces- 
sarily the correct one, but as being the more convenient. 

Oxide of AnttTnony — (Sbg O3). 

Ff^paraiion.-~{l) By projecting powdered antimony into a large crucible heated to 
redness, when brilliant crystals of oxide of antimony are produced, but they are liable 
to bo contaminated with antimonious acid. A better process is the following : — 

(2) By pouringJgradually, and in small j^rtiqns^ chloride of antimony into a boil- 
ing acdution of ourbonate of soda. Crystalline azibyCLrous oxide of antimony is by this 
treatment thrown down. 

FropertUs.’—k. grayish- white substance, whjch fuses at a red heat, and volatilizes at a 
heat short of full whiteness. When heated in contact with atmospheric air, or oxygen 
gas, it absorbs the latter and becomes raised to the condition of antimonious acid. Oxide 
,of antimony, notwithstanding its containing the minimum of oxygen, is rather acid 
thtfnaiCc : it readMy finites with potash and soda, forming true salts, which, however, 
do not admit of crystallization. Both sulphuric and nitric acid combine with oxide of 
antimony u^ibveral proportions, hut the resulting salts are very unstable, and have not 
been much studied. The most important compound is tartar emetic (tartrate of anti- 
mony and potash), much used as a therapeutic agent. Tartar emetic may he diluted 
with water to any extent without decomposition, and it is almost the only compound of 
oxide of antimohy to which the remaik applies. 

-(Sb O4). 

By projecting powdered antimony into a large erudble, heated to 




ANTIMONIG ACID. 


471 


redness as in the j^oparation of oxide of antimony; but continuing the operation 
longer. 

Properties. — A. dirty while powder, not Tolatile^ and infusible. When recently pre- 
pared it slightly dissolves in water and in acids, but not otherwise. It combines with 
alkalies, but docs not yield well-chawieterized salts. From its fl-lkalmfl solutions it 
falls as a hydrate on«the addition of acids. 

Aniimonic A and n. 

Under the general designation of antimonic aeid, two isomeric, bodies were long 
included ; th^y are now distinguished as mtimonie and meta^antimonie acids. In this 
refipect antimonic acid resembles phosphoric and stannic acids. 

Antimonic Acidy a. ' 

Preparation. — When strong nitric acid is poured upon metallic antimony, a violent 
action takes place, binoxide of nitrogen being evolved and antimonic acid combined 
with water (hydrated), an(^ perhaps mixed with some nitric sicid remaining. If this 
hydrated product be heated, anhydrous antimonic acid results. * 

Properties. — A yellowish white powder, which decomposes when heated to redness ; 
oxygen being evolved and antimonious acid remaining. Antimonic acid can be made 
to unite with bases, generating a class of salts termed antimouates, aU of which are 
decomposed by mixture with almost any acid, hydrated antimonic acid being thrown 
down. Two antimonates of potash are known, the mono- and the bi-antimoniate. 
Neutral salts of this acid contain one equivalent of base. 

Antimonic Acidy n — Mela^aniimonic Acid. 

Preparation. — By decomposing perchloride of gntimony by the addition of water. 
The antimonic acid thrown down by this treatment is hydrated. If it be heatc# short 
of redness, the water of hydration is evolved, and anj^ydrous antimonic acid, similar 
in all respects to tlfat just described, is obtained. Hence it appears that the distinctive 
characteristics of antimonic and«meta-antimonic acid only refer to the hydrated sub- 
stances. Meta-antimonic acid forms ncutrafsalts with two equivalents of base. 

Atit^nony with PCydrogen. 

This is a compound of great importance, though its atomic constitution is not known, 
inasmuch as it has never been obtained pure. The great interest of antimoniuretted 
hydrogen depends on the circumstance that arsenic also combines with hydrogen, 
forming a compound simiLar in many respects to antimoniurettdH hydrogen, and 
therefore liable to be confounded with it by an inexperienced operator. Antimoniu- 
retted hydrogen is generated whenever hydrogen gas is deveiopad in a liqiiid h;3lding 
antimony in solution. It is a colourless gas, eombustible like hydrogen, and during 
the act of combustion deposits a crust ofpmetaUic antimony. Althoi$^ the general 
Bimilarity of this antimonial crust to a deposition of metallic arsenic has led to mis- 
takes, they are whoUy mexeusalde ; one characteristio is alone sufBicient to distmguish 
the two Tnfttftllift depositions ; it is this : the antimonial crust is almost incapable of 
volatiUzation by the heat of a spirit-lamp flame, whereas the arsenical crust volatilizes 
readily under treatment. There are other more elaborate ebaiaoteristiGS of 
dLstinction between the two, but the one mentioned is in most, if not cases 
sufficient. 
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ST^LPHURETS OF ANTIMONY. 


Antimmy with Sulphur-^Sulphurets of Antimony, 

Two of these sulplmrets are kn^wn ; they may be distinguished as the native sul- 
phuret and suIpho*antimonic acid. 

Native Sulphuret^ eon^eition Sb S3 . — K gfay metallic brittle substance, easily 
fusible and crystalline; it constitutes the only antimonial ore.* Sulphuret of anti- 
mony having this composition may be also artificially prepaie^, cither by melting 
I together sulphur and antimony in duo proportions, or by transmitting hydrosulphuric 
acid gas through, solution of tartar emetic. When generated by the last process, 
sulphuret of antimony is orange-red ; but in composition it is identical with the other 
! variety. By some it is described as a hydrated sulphuret, but the water seems to 
be a casualty ; it may be totally expelled by applicat/dh of gentle heat, leaving the 
sulphuret still red; but if the heat be stiU raised the sulphuret^* turns black, like 
the native variety, and the variety prepared by fusing together sulphur and metallic 
antimony. ^ * « 

The change which <ensues when sulphuret of antimony is roasted, or strongly 
heated with a current of atmospheric air playing over it, is ]f>eculiar. Most sulphurets, 
when treated in this manner, either yield sulphurous or sulphuric acids, or both, by 
the oxidation of sulphur ; whilst the metal of the sulphuret, simultaneously oxidising, 
forms an oxide, which contbines with sulphuric acid generated, yielding a sulphate. 
When sulphuret of antimony is strdhgly roasted, a portion of sulphur escapes uncom- 
bined, and a portipn of oxide of antimony is formed ; subsequently the oxide and sul- 
phurct of antimony combine, forming an oxysulphurot, which fuses into a hard 
yellowish-red vitreous body. Oxide and sulphuret of antimony combine in many pro- 
portions, forming many oxysulphurets. 

When sulphuret of antimony is boiled with caustic or carbonated alkalies it is dis- 
solved ; and, by virtue of certain decompositions, to be presently explained, oxide of 
antimony is first deposited on cooling, and afterwards red, sulphuret of antimony. 
The latter was termed by the older chemists Kennes mineral. The decompositions which 
ensue on boiling sulphuret of antimony -^th caustic,* or carbonated alkaline solutions, 
are as follow : — Firstly, double decomposition takes place between the alkali (we will 
assume it to ,he potadh) and a portion of sulphuret ^f antimony, sulphuret o^ potassium 
being formed and*oxldq of antimony thrown down, as*representcd by the accompanying 
diagram ;— 


Potash • • • I 

Sulphuret of ( 
antlmday ( 


Potassium- 
Oxygen . . 

Sulphur. , 
Antimony- 


Sulphuret of potassium 


Oxido of antimony 


Of these bodies, the sulphuret of antimony remains in solution, and the oxide of 
antimony deposits; but on concentrating the solution by boiling, the sulphuret of 
potassium combines with a portion of undecomposed sulphuret of antimony, from 
which a portion of the latter separates in cooling, in the form of Kermes mineral. If 
to the hot solution, holding sulphuret of antimony and sulphuret of potassium, hydro- 
chloric acid be added, a mixture of oxide and sulphuret of antimony is thrown down, 
constituting the ozysnlphuret of antimony of the English pharmacopoeia. 
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SULPHOANTIMONIC *ACID. 

• 

This sulphurct of antimony, tho composition o^ which is indicated by the formula 
Sb Sfi, is generated j;>y transmitting a current of hydrosulphuric acid through a solution 
of perchloride of antimony in dUuto hydrochloric acid, when it precipitates as a yellow 
powder. It may be* generated also by the following process : — Boil a mixture of 
18 parts of finely^^o^^^dered sulphuret of antimony, 17 of dry carbonate of soda, 
13 parts of lime previously slaked, •and 3i parts of sulphuif in sufficient water to 
reduce the whole to the condition of thin gruel ; by which treatn^ent carbonate of 
lime, antimongte of soda, sulphuret of sodium, and sulphuret of antimony are formed. 

•Of these bodies, the first is*insoluble, the second very nearly so.* By evaporating 
the solution to a certain exten4^nd allowing it to cool, they may be separated whilst 
the two sulphurctss combine together, and form an antimonio-sulphurct of sulphuret 
of potassium, which may bo obtained in crystals. If a solution of this double sul- 
phuret be mixed with dilute sulphuric acid, deceguposition ensues, and j^entasulphuret 
of antimony, otherwise callc^sulpho-antimonic acid, is precipitated. 

All the sulphurets of antfmony, but more especially the sulphuAt precipitated from 
an antimonial solution whdn hydrosulphuric acid is transmitted through it, may be 
decomposed by heating it in contact with a current of hydrogen gas ; when hydro- 
sulphuric acid is formed, and metallic antimony remains. •This i>peration is of great 
utility in toxicological investigation, as serving to determine the presence of antimony, 
without any considerable loss of tho metal ; but it is seldom eligible as a means of rigid 
quantitative analysis, in consequence of the tendency of a portion of antimony reduced 
to combine with the passing hydrogen, and generate antimoniuretted hydrogen gas. 

The apparatus employed for effecting the decomposition of sulphuret of antimony, 

by a current of hydrogen gas, 
is as represented in thca^om- 
, ponying diagram, a repre- 
sents a Woulfe's bottle, 
adapted to the purpose of 
generating hydrogen gas by 
the contOfA of dilute sulphuric 
acid (poured* through t) with 
granulated zinc. The hy- 
drogen thus evolved is moist, 
but on passing through frag- 
ments of fused chloride of 
calcium, in the tube it is dried. The sulphuret of antimony to be decomposed is. 
thrust into the tube e, as represented in the diagram, and sutf^cted to the 4catruf a 
spirit-lamp flame, whilst a current of dry hydrogen gas passing over it removes sul- 
phur, forms hydrosulphuric acid gas, andii leaves metallic antimony. TTbe collateral 
formation of antimoniuretted hydrogen already adverted to, not being taken cognizance 
of, the decomposition which ensues is as follows ; — 

Hydrogen - Hydrosulphuric acid 

Sulphurct of antimony | Antimony remains in the tube 

* Hence antimonie acid becomes a test for soda. 
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In the pictorial diagram just giyen, the tube from which the hydrosulphuric acid 
gas emerges is seen to pass into a beaher glass containing a solution, — ^tihat solution 
is acetate of lead, and its purpose is to indicate that the operation is proceeding satis- 
factorily. Whilst docomposition of sulphuret of antimony proceeds, hydrosulphuric 
acid continues to be libo^ted, and of course blackens any soluble Jead-salt which may 
bo exposed to it. By changing the lead solution from time to* time, we learn when 
the decomposition haa^ceased, for no sooner is^this point araiyei at than the lead 
solution ceases to be blackened. 

Antimmy with Chhrine — Chloride of Antimony. 

Two chlorides of antimony are known, correspondftig respectively with oxide of 
antimony and antimonic acid.» The former may be rcbrrcctly designated terchloride, 
and the latter pentachloridc of antimony. * 

Ttrehhridet of Antimony — (Sb Clj.) 

This useful an^ long-known compound, known by- ^ the designation ^^hutteP of 
antimony^' may be prepared by various methods. 

(1) By transmitting chlorine through a tube containing powdered antimony in 
excess. The chlorine must be passed very slowly, otherwise pentachloridc of antimony 
would be formed. 

(2) By distilling in a glass retort a mixture of 1 part pulverized metallic anti- 
mony and 2 parti> corrosive sublimate. 

(3) By digesting native sulphuret of antimony in hydrochloric acid, and evapo- 
rating the solution still containing exedss of acid. 

Fropertiea. — Jh white easily fusible compound, capable of being volatilized at a low 
red Jieat, and which at ordinary atmospheric temperature assumes the consistence of 
fat, whence the name butter of antimony, by which it is popularly known. Tcr- 
sulphuret of antimony, like iiitratc of bismuth, may have a certain portion of water 
added to it without decomposition ensuing ; but the addition of larger portions of 
water causes the deposition of a subsalb (a subchloridc), by which quality chloride of 
antimony, and, in^ed, antimonial salts generally, are assimulatcd to those of bismuth. 
Tartar emetic fpruishes almost the only exception.',' The white preedpitatod subsalts 
generated by the dilution of terchloride of antimony with water vary in ponderable 
composition, according to the relative amounts of water, and chlorido of antimony 
employed in generating them. They ore kno'4n by the popular name of powder of 
Algaroth.** ' 

, Pentaehloride of Antimony-^-^\C\^, 

ft hf 3 already beeifr stated, that if in preparing the compound just described the 
chlorine be transmitted too rapidly, pentachloride of antimony is generated. The 
latter substatice. is indeed prepared by transmitting chlorine over heated powdered 
antimony. It is next to impossible so to regulate the operation that some of the 
terchloride of antimony shall not be mmultaneoasly generated, but the two may be 
readily separated by di^illation ; terchloride of antimony, as we have already seen, not 
being volatile at a heat short of redness, whereas the pentachloride may be distilled 
from an ordinary glass retort ; the first portions, however, which come over always 
hold a little free ehlorine, and should be rejected. 

Properties. — ^Pentachloride of antimony is a liquid almost colourless, and, as we 
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have seen, easily volfttilizable. It undergoes spo^taieous decomposition when exposed 
t(fthe air, and more eq>ecia]ly if heated. 

J)istinctwt Characteriatiea of Antimonial Solutions* 

The recognition of the presence of antimony is of cspecia^ importance, inasmuch as 
Ihe metal, owing to "Its yielding a somewhat yello^ (orange) precipitate with hydro- 
sulphuric acid, an3 1^»its demeanour with hydrogen, is sometimes confounded with 
arsenic. The first point to be rem^bered in searching for antimony in organic 
solutions, such as the contents of the stomach, for example, is the J:endcncy of most 
solutions containing the metal to be decomposed by the addition of water, yielding 
subsalts which precipitate. All these precipitates, without exception, are soluble in 
tartaric acid ; hence it is propdi^to begin an investigation for antimony, supposed to be 
present in organic solutions, by addition of tartaric acid ; when any subsalts which 
might have been present will be dissolved, and may now bo filtered. The chief 
characteristics of antimony in solution are the fallowing : — 

• (1) A current of hydro^lphuric acid, even in acid soliftions, throws down an 
orange-coloured precipitat^ which being incorporated with blaclf flux (a mixture of 
carbonate of potash and ceftbon, maje by projecting a mixture of two parts of cream 
of tartar and one part of nitre into a large red hot crucible), and strongly heated in a 
glass tube, yields metallic antimony, not capable of being* perceptibly volatilized by the 
strongest heat of a spirit-lamp flame. This last is tfvery important characteristic, dis- 
tinguishing antimony from arsenic ; tho latter metal, as we shall Ij^ereafter discover, 
may bo chased from one extremity of a closed glass tube to the other by the heat of a 
spirit-lamp flame. Instead of reducing sulphuret of antimony by heating it in contact 
with black flux, it is even better to effect a similar result by transmitting hydrogen 
gas over it, as described at page 473. 

(2) A solution containing antimony being added to the materials for libefating 
hydrogen gas (i.e, sulphuric acid, water, and zinc), onlirnoniuretted hydrogen gas is 
formed, which deposits a crust of metallic antimony when ignited, or when passed 
through a narrow glass tube heatt^d by a s|j|^t-lamp flame. In connxion with the 
generation of antimoniuretted, or with aiseniuretted hydrogen, it is of especial import- 
ance to be|r well in mind the facf that bmh zinc and sulphuric adld occai^onally con- 
tain arsenic as a casual impurity.* The absence of arsenic cai^be ihSured by liberat- 
ing a portion of hydrogen*from the zinc, sulphuric acid, and water, and igniting it as a 
jet previously to the addition of a supposed antimonial solution. 

TELLUKXUM. 

Equivalent, or atomic weight • . . 

Specific gravity . » • . . 6'26 

Notwithstanding the metallic aspect tnd considerable density of%IlTzrium, its . 
relations so nearly approach those of sulphur and selenium, that its claims to the 
metallic character are not fully admitted. It occurs, for the most part, in association 
with bismuth, gold, silver, or lead ; occasionally, however, it has been found isolated. 
Tellurium may be most readily extracted from Hungarian sulpho-telluret of Bismuth, 
found near Chemnitz, by a process of which the following presents an outline Equal 
weights of the powdered ore and dry carbonate of soda are made into a paote with oil | 
and exposed to a strong white heat in a covered ciniciblc. By this operatioii metallic I 
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bismuth is liberated, and sulphuiret, and telluret of sodium formed. The two latter 
constitute a fused mass, which being dissolved in water, and the solution exposed to the 
atmosphere, decomposition ensues ;«mctallio tellurium is deposited, and caustic soda, 
mixed with hyposulphite of soda being formed by oxidation of thorsulphur previously 
contained in &e sulphur^t of sodium. • 

^ropertm . — In colour telluriuhi assimilates itself to silver and to antimony. It is 
a brittle metal and a bad conductor of heait and cjectricity. It fyscs by a heat slightly 
below redness, and at a^igber temperature volatilizes. If atmospheric air be admitted 
whilst the tellurium is yet hot it bums, yielding tellurious acid. Two oxides of tellu- 
rium are known, tellurious acid Te Oo, and telluric acid Te O3. They are produced 
from tellurium exactly as selcnious and selcnic acids arb produced from selenium, to 
which, therefore, the student m^y refer. The remaining combinations of tellurium are 
unimportant. 

ARSEN^, OR ARSENICUM. 

EquJfalent, or atomic weight . ♦ . 76 

Specific gravity .... abqut 6*8 

Arsenic is rarely, though sometimes found unbombined in nature ; but by far the 
largest amount is obtained, by a process of sublimation from ores (arseniurets) contain- 
ing it. Arseniurets of iron, nickel^ and cobalt ore the chief. When an arseniuret is 
heated in an atmospheric current, the metallic arsenic oxidises, becomes arsenious acid, 
sublimes, and coddenses. 

Preparation , — Metallic arsenic or arsenicum is obtained by incorporating arsenious 
acid, or white oxide of arsenic as it is sometimes called, with charcoal or black flux, 
and exposing the mixture to heat in a close vessel. Carbon uniting with oxygen 
forme carbonic oxide and acid, whilst metallic arsenic is reduced, and sublimes. 

Properties , — Arsenic has a full metallic lustre, somewhat like steel in appearance. It 
is brittle and crystalline. When heated in vessels to which the atmosphere has free access, 
it readily oxidizes and becomes white oxide of axscDic,,more properly called arsenious acid; 
but when heated in close vessels it subliihes before fusion, and covers the interior of 
the vessel with a nyrror-like scale. The vaIH)ur of. metallic arsenic has the odour of 
garlic, a characteristic of some importance in caiiain medico-lcgal investigations, 
though less valuable than formerly. About 160 years since,' a German writer on Toxi- 
cology, Reissoissen, stated the smallest amount of arsenic he could discover in a dead 
body to be ten grains, and he recommended as a somewhat delicate means of ascertain- 
ing the presencePof arsenic, to bum the corpse entire, and remark by occasional smelling 
whether it gave off an aUiaccous odour.' This was a somewhat rude expedient, 
neverih^^ss the aUiaaeous odour of vapourized arsenic is not an indication to be 
despised. The student may convince himself of the fact easily, as follows :~Wine and 
spirit bottle^hdve occasionally green lables ;ostrip off a portion of one of these lables, bum 
it, and remark the powerful alliaceous odour which is diffused: this depends upon the 
presence of the arsenical pigment called Scheele’s green. 

Arsenic with Oxygen, 

Two compounds of arsenic with oxygen are known ; both of them have acid pro- 
perties, and combine with bases to form deflnite salts : they are arsenious acid ASO3, 
and arsenic acid ASO5. 
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Arsenims Aeid^^White Oxide of Ar^nle, or White Arsenic, 

*Tliis substance is of the highest importance, as being the frequent agent of criminal 
or accidental poisoning. Although the violence Of arsenious acid, considered as a 
poison, is. inferior ito that of many others, there are few substances so much to be 
feared, being almost tasteless ; it can be mixed with articlqii of food and swallowed 
without discovery^ and there is no practically efficient antidote for staying its 
destructive agency. 

Properties , — Arsenious acid occurs as a heavy white vitreous-looking substance, 
breaking with a conchoidal fracture. Some verities arc almost transparent, others are 
opaque ; the difference between the two not being referable to any variety in chemical 
composition, but merely to aif allotropic cause. The opaque variety is slightly more 
soluble in water than the other, 100 parts of boiling water dissolving about 
Nearly three-fourths, however, of this amount separate as the water cools. AlkaRie 
solutions readily dissolve arsenious acid, generating salts called arse|iites. Hydro- 
chloric and sulphuric acid also dissolve it ; move especially the fonder : boiled with 
nitric acid it acquires more oxygen, and becomes arsenic acid O5. Arsenious acid 
can be readily sublimed, th^ beat of a spirit-lamp flame being amply sufficient for the 
purpose. Its vapour condenses and yields small but brilliant octahedral crystals, which 
are very characteristic. Solutions of arsenious acid yield no precipitate with nitrate of 
silver, except ammonia or some other alkali be present *, nor must thb alkali be in excess. 
But when the nitrate of silver and alkali are duly apportioned a yellow precipitate 
occurs, similar in appearance to phosphate of silver, for which it is occasionally mis- 
taken. The mixture in proper proportions of nitrate of silver with ammonia, and 
colled ammoniacal nitrate of silver, is a valuable test for indicating the presence 
of arsenious acid. Ammoniacal nitrate of silver is prepared by adding solution of 
ammonia to solution of nitrate of silver, until the oxide of silver thrown down is aearly 
dissolved, but not quite. Proceeding thus, tho operator is assured that ammonia does 
not exist in excess. Arsenic acid, the next compound to be described, yields a pre- 
cipitate with arsenic acid, even though no alkali be present, and the precipitate is 
brick-red. • , 

Solution of sulphate of copper treated with solution of ammonia, as just described 
for nitrate ^f silver, forms what iS callcdmmmoniacal sulphate of (S)p^er, which is also 
a deUcato test for arsenious acul, with which it throws do\^ a ^een precipitate 
(Scheele's green). • 

Hydrosulphuric acid and hydrosulpliates.throw down a yellow precipitate. 

The method of discovering the presence of arsenious acid in orgaj^o solutions, and 
separating it for judicial purposes, will be described presently ; before doing so, it is 
desirable to discuss the characteristics of the other arsenical preparations. 

Arsenic Acid — (As O3). 

Preparation , — ^Arsenious acid is boiled '^ith successive portions of nitroAydrochloric 
acid until nitrous acid fumes are no longer evolved ; the solution being evaporated to 
dryness, yields anhydrous arsenic acid. 

Properties , — Anhydrous arsenic acid is a white non-crystalline body, easily soluble in 
water, and yielding, on slow evaporation of the aqueous solution, crystals of hydrate of 
the acid. By strongly heating arsenic acid it suffers decomposition, oxygen gas and 
arsenious acid being evolved. It will bo seen, by inspection of the fonnifla As Og, that 
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arsenic acid is analogous in composition to phosphoric acid. Like phosphoric acid 
also, it is tribasic, and it forms salts csomorphous with. phosphateS, thus establishing a 
more complete parallelism between the two. Three *)srseiiiate 8 of soda are known, in 
two of which water oounts for a portion of the three basic equiyalents. The alkaline 
phosphates which contain basic water part with the latter when stAnglj heated ; but, 
unlike the alkaline phosphates, ^ey roooTcr the basic water ^ain by resolution in 
that liquid. f 

Arsenic acid in sokition yields, with nitrate of silver, d d>rick-red precipitate^ 
w'hich is the arseniate of oxide of silver ; it also yields a yellow sulphuret with hydro- 
sulphuric add a5id hydrosulphates. The sulphuret produced under these circum- 
stances is similar in colour to that yielded under parallel conditions 4rith arsenious 
acid and arsenites ; hut it differs in composition, and is not precipitated with equal 
fa^ity. ' ^ 

Arseniates, or combinations of arsenic acid with bases, may be prepared directly by 
saturating the, add with base and evaporating ; frequently, too, they admit of being 
prepared by deflagrating arsenious acih with the nitrate or chlorate of base intended 
to enter into combination with arsenic add,— the change <151 referable to the powerfully 
oxidising agency of nitric and chloric acids. f- 

« 

Arunictcith Hydrogen — Areeniurete of Hydrogen. 

Two of these compounds are Cmown, "one is a gas the other a solid. Gaseous 
arseniuret of hydrogen — or arseniuretted hydrogen, as it is more frequently termed — is 
of especial interest in toxocologlcal researches involving the extraction of arsenic. 

Gaseous Arseniuret of Hydrogen^ or Arseniuretted Hydrogen. 

Bfeparation.-^Tliy generating hydrogen gas in contact with any arsenical solution, 
the gas in question is formed, mixed however with variable portions of hydrogen, of 
which 1 shall take no cognizance here, seeing that the presence of ^^uch does not affect 
the points in connexion with arseniuretted hydrogen, to which attention will be here- 
after drawn. «. 

The prope]^ which nascent hydrogen possesses of combining with arsenie and 
forming arsaniuretied hydrogen, is of such ^ealf iiqnortance that the student should 

faqiiliarize himself with it. 
For this purpose he cannot 
do better than employ the 
simple apparatus composed 
of a pbiai bottle of about six 
ounces capacity, having at- 
tached to it a perforated cork 
and tube bent at right angles 
end drawn out into a jet, as 
represented in the accompa- 
nying diagram : 

The materials for gene- 
rating hydrogen, — vie., zinc 
and dilute sulphuric acid, being put into the bottle A, hydrogen will be evolved. Let 
the operator first assure himself that neither the zinc nor the sulphuric acid employed 
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contains arsenic ; this he may do by igniting the gaa as it escapes through the jet, 
an(^ causing the tonglle of flame to play against a»p^e of white porcelain, — a plate, 
for instance. If the gas bum without producing any stain the materials are free from 
arsenic. Let the operator now remove the cork^ and drop into the bottle where 
hydrogen is still belhg developed, the minutest quantity of a solution of arsenious acid, 
and, having waited a few seconds, untifall the atmosnheric ak contained in the bottle 
has been expelled, qgain ignite the jet of gas. It will now bo found to bum in a very 
iliflFftr ftTif. manner. It yniSL deposit a blacj: mimor-liko stain on the jrhite porcelain ; it will 
deposit a similar stain within the horizontal glass tube, corresponding with the portion 
heated by the spirit- 
lan)p flame ; anfl lastly, 
if burned in a tube 
open at botii ends and 
held at an angle as in 
the annexed diagram, 
the interior of the tube 
will become coated 
with two layers, one 
of metallic arsenic, the 
other of arsenious acid. 

Arsenitu’etted hydrogen thus employed, as a iqeans of removing and discovering 
arsenic, is called Marshes test^ from its inventor, Mr. Marsh. There is no chemical 
impediment to its acting in organic solutions, — such as the contents ef a stomach, for 
example ; but a mechanical action sometimes interferes. Occasionally, with certain 
kinds of organic solutions, a bubbling or frothiness occurs, causing moisture to pass 
through the delivery tube, and extinguish the jet. A little oil mixed with the 
hydrogen-liberating arsenical solution, will sometimes remedy this defect ; or^ca- 
sionally a few filaments of asbestos : nevertheless, it will be generally advisamo to 
separate a portion ^ least of the organic matter, by pfocesses soon to be described, 
before having recourse to the arseniuretted hydrogen test. 

The second, or solid, combination of arsenic with hydrogen, may be disposed of in 
few words : it is found in small ^quanti^ during the combustion of the preceding 
compound.* * ‘ 

Sulphur with Arsenic — Sidphurets of Arseme, 

Of these compounds, several are kn<^m ;*but their individual consideration will be 
unnecessary. It will suffice to divide them into realgar, or the red sulphuret, and 
orpiment, or yellow sulphurets. ^ 

Mealffarj As S2, is found native, and it may also be formed artificially by heating a* 
mixture in the necessary atomic proportions of arsenious or arsenic acids witn sulphur. 
It is red, and like all other sulphurets 0:^ arsenic volatile, and, like tj^em, yidds up 
metallic arsenic when mixed with black flux, and heated in close vessels. * 

Orpiment (auri pigmentum) also occurs naturally, and may be prepared by fusing t 
mixture of arsenious acid and sulphur in due proportions, or by precipitating a solution 
of aisenious acid and by hydrosulphuric acid. Both these oxpiments have the composition 
As Sj. The orpiment generated by transmitting hydrosulphuric acid through a solu- 
tion of arsenic add has the composition of As S5, and, therefore is the sulphur corre- 
spondent of arsenic acid. 
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Chlorine wil^ Arsenic — Chloride of Arsenic. 

Only one compound of chlorine 'with arsenic is known. It is'prepared by transmitt^g 
chlonne over arsenic as in the proce/is of generating tlie chlorides of sulphur and of phos- 
phorus. It may be also prepared by distilling a mixture of one part metallic arsenic 
and six of corrosive sublimate. Chloride of^arspnic is a volatile colourless liquid, 
boiling at 269°Fah. and dvolving/i vapour, the density ol which as 6*3. 

In dealing with organic solutions containing arsenious acid and hydrochloric acid, 
it is necessary to bear ill mind and providb againot the volatility bf chloride of arsenic, 
as wc shall leam^in the sequel. 

Toxicological Examination for Arsenious Acid. 

Toxicological chemistry is a department of itself : oneN3laborate and complex, involv- 
ing special points of consideration which treatises on gcheral chemistry do not usually 
take cognizance of. The subject of arsenious acid, however, regarded as a poison, is so 
important thal^an outline at least of its toxicological relations must be given. 

The discovery of arsenious acid in colourless solutions, free from organic matter is 
a problem of sufficient base : when, however, organic matters are present, especi&Uy 
when the latter are thick and coloured, the difficulties incrjiase, and the utmost care and 
skill of the experimenter arc required. , 

Toxicological knowledge to be valuable should be available. In all that relates to 
the administration df antidotes there is no time for consulting books, — ^the antidote to be 
useful should be given at once. Cases of poisoning by arsenious acid aro chiefly 
those in which it has been administered by a second party ; the instances in which it 
I is taken as a suicidal agent are more rare. This is an important circumstance for remem- 
I brancc. The time which elapses between the administration of arsenious acid and 
i the manifestation of symptoms of poisoning, will vary according to the state of aggre- 
gation of the material. A case is on record of a person biting off small pieces of massive 
arsenious acid ; the symptoms did not manifest themselves for some hours, whereas if 
the poison bo swallowed in pawder, or in partial solution, the effects are manifested 
more speedily — rarely, however, in less time than half an hour : this too is an impor- 
tant point to be remembered. It is astonishing how half digested knowledge fleets 
away in the terror and excitement attends^ on poisoning. I once remember being 
called to visit an inWidual supposed to have^een pdisoned ; she was a girl yho, having 
determined to commit suicide, obstinately refused to supply any information. I found 
her supported by d medical man and his assistant, one on each side. They were walk- 
ing her up and down the room with the intention of preventing sleep, the idea being 
that she had ta|(en a poisonous dose of laudanum. The only reason for the impression, 
and a very illogical reason it was, consisted in the fact that the dress was stained 
* with dark spots. No^ laudanum is dark coloured, hence in the opinion of these 
ooncemSl she had taken laudanum. But the patient was in a^nies ; her lips were 
parched and qorroded, and the ejected matter, although it had blackened the white parts 
of her dres^, had tinged a black handkerchief red. Apparently the poison which she had 
taken was oU of vitriol ; and a tumbler found on the mantelpiece, still sour from linger- 
ing portions of the fatal draught completed the evidence. Half an hour had been lost 
by ihe disgraceful mistake, and each step the patient had been made to take was a step 
towards death. She died of course. 

Treatment of a Case of Poisoning hy Arsenious^ Acid . — Supposing the poisoning to 
have been clearly traced to arsenious acid, copious draughts of hydrated peroxide of 
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iron suspended in water should be at once given. This substance cannot be purchased ; 
it| must be prepared? when wanted, by adding ammonia or its carbonate to tincture of 
chloride of iron, a liquid which \nay be procured at any druggists. Two or three 
quarts of the tincture may be taken, and ammonia, or carbonate of ammonia, in solution 
added until no fuAier precipitation is occasioned. The precipitate is collected on a thin 
piece of texture, sa^g a handkerchief well washed ^ith boiling water to remove the 
alkali, and administered ; meantime medical advice should be sought, and the stomach- 
pump employed, for s4en the hydrated oxide of iron is not An antidote to be relied 
upon. Arsenious acid is almost the only irritant poison in the treatment of cases of 
poisoning by which the stomach pump is eligible. 

Betection^f Arsenious Acid in Mixed Solutions, 

• 

(1) Lotus assume that arsenilbus aeid is supposed tef exist in a stomaeh, the eontents 
of which arc milk, beer, bread, and meat : a mixture of greater complexity than this 
does not usually occur. The investigation should be conducted as folloi^^s : — Place the 
stomach on a clean glass or porcelain dish, cift it open with scissors, turn out the 
contents, and examine the^ucous or internal coat of the stomadi^ carefully by a lens. 
Any little white particles ^scovered by this scrutiny should be carefully removed, and 
their nature determined by one or nrt)rc of the tests for arsenious acid already detailed. 
If the presence of arsenious acid be thus determined mucl^ trouble will bo saved, and 
the operator will proceed with greater confidence. <1 

(2) The mixed solution being thrown upon a cloth filter, or rather, a fine net, is to 
be roughly strained, the solid matter well washed with distilled waiter, separated, and 
put aside. Let us indicate this solid matter by A. 

(3) The filtrate, or what has come through the filter, is now to be strongly acidu- 
lated with acetic acid, by which means a considerable portion of organic matter will be 
reduced to the solid condition. Straining will remove this solidified matter, -^cb, 
being washed with hot water, is to be added to A. 

(4) The filtrate is now to be evaporated over a lamjfor on a sand bath to dryness, 
taking care that the heat applied be not sufficiently high to cause the evaporation and 
loss of any part of the arsenious acid. This avoidance of loss may be insured by 
thrusting several fine slips of paper quite |hrough the material undjr process of drying, 
in such mdhner that one end of qncff slip of paper may come in cont^t wtth the dish. 
From time to time a slip is to bo withdrawn; and immediately the lower end of one 
of these slips becomes somewhat dark, from incipient charring, the process of heating 
must cease. The dish and its content? being allowed to cool, hot water is added to 
effect the solution of arsenious acid, and the dried material is to be a(kled to A. This 
process of solution and re-evaporation several times repeated will usually suqpced in 
effecting the separation of enough organic matter to permit the^pplication obtests. * 

(5) A portion of the filtrate or filtered liquor, now somewhat free from organic 
matter, is to be acidulated with hydrochlcypo acid, and boiled with slips^of metallic 
copper. Probably a coating of arsenic -^1 be deposited on the copper ; if so, the 
whole of the filtrate may be treated separately, for there can be no better means of 
effecting the separation of arsenic out of solutions containing arsenious acid. Some- 
times, however, the process will not succeed, on account of the presence of nitrates and 
some other bodies* This is called BeinscKs test> The copper slips with arsenical 
coating are to be collected, dried, placed in a test-tube, and the tube heated, when 
arsenic, quickly changing to arsenious acid, by further application of heat sublimes.. 
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(6) If Reinsch’s test does notj succeed, dilute sulphuric acid ^and zinc are to be 
placed in the vessel depicted at pag4 478, or at page 473, and the absence of arsei^c 
determined as stated at page 479 ; portion of the fiftrate’is now to bo added, and tlie 
remaining portion of the operation conducted as before mentioned (page 479). In 
order to guard against the inconvenience of frothing or bubbling, a pledget df cotton- 
wool or asbestos may bo pliaced in the tube, which, in- diagram page 473, contains dried 
chloride of calcium : chemically dry arseniuretted hydrogen gas is mt required in our 
present experiment. 

(7) The remaining portion of the filtrate may (though it is unnecessary if the 

preceding schemes of treatment succeed to have recourse to any other) bo precipitated 
by hydrosulphuric acid, and the resulting sulphuret collected, and reduced by means 
of black flux and heat « 

It now remains to deal with ^he solid matters, A ; ^ind, before tl^o processes to be 
followed arc described, it will be necessary to remind the student that arsonious acid is 
converted into«aJrscnic acid by boiling with nitric or nitro hydrochloric acid ; in like 
manner arsenious add, {jy ignition with nitrate or chlorate of potash, becomes arseni^itc 
of potash. These focts being remembered, the chemistry lof the following treatment 
win be intelligible. Cut the solid matter into small pieefs, and boil with solution of 
potash until all the animal matter is dissolved, ‘or at least very much disintegrated ; 
next add nitric acid yi excof^s by gradual small proportions, and evaponate the whole to 
dryness. The dry material being iremoved and packed in a porcelain or platinum 
crucible, is to be incinerated until all carbonaceous matter is burned away. Araeniatc 
of potash now refnains, from which sulphuret of arsenic may be thrown down by a 
current of hydrosulphuric acid. The sulphuret being collected, mixed with black flux, 
and heated in a tube, yields metallic arsenic. 

In this sketch of the process to bo followed in effecting the separation of arsenic 
fromcrganic bodies containing .arsenious acid, no application has been made of what 
are known as liquid namely, ammoniacal nitrate of silver and ammoniacal sulphate 
of capper. The fact ig, that tffe tests in question are subject to many fallacies when 
applied to organic arsenical liquid ; if, however, the^ operator have applied one or both 
of these tests, he should be aware that tl4e precii^itates yielded by them, if arsenical, 
yield a characteristic, arsenical crust "Nyhen mj^xed with4>lack flux, and heated in a tube 
closed at one end 

Disiinction between Arsenical and the Antimoniacal Orust. — Sulphuret of anti- 
mony and sulphurets of arsenic, to which may be added arsenical solids generally, are 
both decomposed when mixed with black flux, and heated in a tube closed at one end, 
the metal arsenif or antimony being liberated in either case. Much is written con- 
, ceming*thc probability of confounding the metals ; but the mistake can only occur to 
a very or/eless oparatfr. Metallic arsenic is easily volatilized by mere spirit-lamp 
heat, and can readily be chased from one end of a closed tube to the other, yielding a 
fresh crop of trsenious acid crystals by earli fresh volatilization. Antimony does not 
admit of being thus easily volatilized, not even when the flame is intensifled by means of 
the blowpipe. This simple characteristic suffices to distinguish the two metallic crusts. 

Does Arsenic exist as a Normal Constituent of Animal Bodies ? — Orfila at one time 
entertained the affirmative opinion, but he subsequently altered this opinion. From 
time to time the question has been since mooted, but I think we may take it for 
granted that the most skillfully devised and carefully executed chemical processes have 
failed to discover arsenic as a normal constituent of animal structures. 
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Change of Arsei^ous Acid into Sulphuret of J^smic {prpiment) by Contact with 
3ecomposing Animal Matters, — ^ulphur being a constituent of animal matters, and 
bydrosulphuric acid being *a result of tbeir decomposition, it follows that a corpse 
interred with arsqpous acid (white arsenic) in the stomach or intestines, allowed to 
remain t)uried some time, and subsoqucntly exhumed, mav not contain a trace of 
arsenious acid remaining, the whole of the latter httf^ing been converted into orpiment* 


URANIUM. 

• 

, Equivalent or atomic weight 60 

Specific gravity ? 

• 

This is a rare^ctal. It is^chiefly found in two minerals, pitchblende and uranite, 
from the first of which it is generally extracted in the condition of nitrate of sesqui- 
oxide of uranium by the following process : — Pitchblende having be^reduced to fine 
pqwder, is treated with nitric acid, the solution evaporated to (Jryness, and re-dissolvcd 
by water. The solution i«*again evaporated to a convenient extent, and set aside to 
deposit crystals of nitratelmixed with sesquioxide of uranium. Tho mother liquor 
being decanted, is evaporated a scebnd time, to cause a fresh deposition of crystals. 
But the mother liquor still contains nitrate of uranium, which reuses to crystallize on 
account of tho large amount of extraneous bodies present, chiefly copper, lead, and 
arsenic. These metals arc all precipitated by a current of hydrosulphuric acid gas, 
which does not throw down uranium. The liquor being now filtered and evaporated, 
yields a third and final crop of nitrate of uranium, still mixed with slight impurities, 
from which it is isolated by means of ether, which has the property of dissolving 
nitrate of uranium. 

Development or Treparation of Uranium, — By acting on its chloride by pota#6ium, 
similarly to the process employed for developing magnesium. 

Uranium, with •Oxygen Oxides of Uranium.— distinct oxides of uranium are 
known — the protoxide UO, and thp sesquioxide 


l^rotoxid^of Uranium, 

Preparation. — (1) By transmilting a current of dry hydroge^i gas* over the oxalate 
of sesquioxide of uranium, heated to redness in a porcelain tube. • 

(2) As a hydrate, by adding solntiom of ammonia to protochloride of uranium. 

Protoxide of uranium, when heated to redness, absorbs oxygen, ai^jd yields a black 
oxide, having the formula U3O4. It is to b© regarded as a salt rather than a distinct 
oxide, and may be considered as a compound of protoxide and sesquioxide of uranium.* 
Heated still more strongly, it becomes further changed into another compoifld oxide, 
represented by 2TJO.U2O3. 


Sesquioxide of Uranium — (U^Oa). 

This oxide, which is the base of yellow uranium salts, has not yet been isolated ; ' 
but the hydrate of sesquioxide of uranium U0O3 + 2110 is formed by exposing a 
solution of oxalate of uranium to solar light, collecting the brown matter produced on 
a filter, and exposing it freely to atmospheric air. Hydrated sesquioxide of uranium 
is a yellow powder. 
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Salts of\hi Oxides of Uranium, 

« 

There are not many salts of the .protoxide of uranium, and those which exist arc 
unimportant. Their solutions are characterized hy a green tint. TJie sesquioxide of 
uranium forms a largo number of readily crystal! izable salts, having an atomic consti- 
tution different from aU otW known s^ts of a sesquioxide. Saits of sesquioxide of 
uranium furnish the only exception to the rule, that the number pf afoms of nitric acid 
in a nitrate is five times the number of atoms of oiygen in the base, and the number of 
atoms of sulphuriq acid in a sulphate is three times the number of atoms of oxygen in 
the base. Now the nitrate of sesquioxide of uranium, even when crystallized from a 
solution holding a large excess of acid, has the formula of UgOg SO 3 ; whereas, to l^e 
accordant with other sulphates ^of sesquioxidcs, it s]^dald have Ihe composition of 
U 2 O 3 3 SO 3 . Again, the nitrate of sesquioxide of uranium, oven when crystallized out 
of a solution containing a large excess of acid, has the composition 1 X 203 NO 3 . With the 
view of cxplaiTfivg this anomaly, soipe chemists regard sesquioxide of uranium as 
really the protoxide of a. radical termed uranile, which lajter has the composition of 
protoxide of uraniuift reduplicated, and consequently wouM be expressed as ( 2 TJO). 
According to this theory, sesquioxide of uranium, or protoxiae of uraniUy would bo ex- 
pressed by ( 21 X 0 ) 0 , when the nitrate of sesquioxide of uranium would be indicated by 
(21X0)0 NOg, and thv sulplratc of sesquioxide of uranium by (21X0)0 SO3. 

A yellow colour is the general characteristic of all the solutions containing sesqui- 
oxide of uranium, or protoxide of uranilc. Alkalies throw down from these solutions 
a yellow precipitaie compound (»f the oxide (acting as an acid) with the alkali. Car- 
bonates of alkalies also throw down a yellowish precipitate, which is a double carbonate 
of the alkali with sesquioxide of uranium. All the green or protosalts of uranium may 
be converted into the yellow or scsquisalts by boiling with nitric acid. 

Tifs) black or compound oxide of uranium is employed in the arts of glass-staining 
and porcelain-painting to impaqt a black colour ; the sesquioxide is used in the same 
arts for imparting a yellow colour. * 

General Characteristics hf Scsquisalts of Uranium. 

A solution assum'ud to contain uranium ^ould bh boiled with nitric aci^, for the 
purpose of raising thc^etal to the condition of sesquioxide, when the following tests 
will indicate the presence of uranium : — 

Solutions of potash and soda throw down a yellow precipitate. 

Fcrrocyanide^of potassium yields a mahogany-coloured precipitate. 

Hydrosulphate of ammonia throws down a dark-brown precipitate, but hydro- 
culphuric acid none. 

TUNGSTEN, SCHEELIUM, OB W’OLFBAMIUM. 

Equivalent or atomic wefght . . .95 

Specific gravity 17*5 

Preparatim.—{\) By transmitting a current of hydrogen gas over tungstic acid, 
heated to redness in a porcelain tube. 

(2) By heating tungstic acid mixed with charcoal powder and oil, in a crucible 
lined with charcoal. 

Properties, — A lustrous metal of difficult fusibility, not oxidising by exposure to the 
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air at ordinary temperature, but absorbing oxygei| at a red heat, being eonverted into 
^gmgstic acid. Nitric acid attacks tungsten yiblently cYcn whilst cold, changing it 
into tungstic acid ; and a similar change is effected by hot sulphuric acid. 

• Combino^na of Tungsten with Oxygen — Binoxide of (“WOg). 

Preparation, — By transmitting a current of hydrogerf oyer tungstic acid, heated 
not aboye dull redness, in a tube of porcelain. 

(2) Mix intimaffely two parts <if powdbred wolfram (native double tungstate of 
iron and manganese) with four parts of carbonate of potash, and fuse the mixture in a 
platinum cri^cible. Act on the fused m^s by water and filter. Tfic filtrate contains 
tungstate of potash ; it is to^bc evaporated to dryness, with one part of sal-ammoniac, 
the residue calcined at a red heat, and lixiviated with water, when the binoxide of 
tungsten will rcipain in the fofti of a black powder. * 

Properties.-^The binoxide of tungsten is a black powder, readily absorbing oxygen, 
and changing to tungstic acid when heated in the presence of atmo^herie air ; it also 
generates tungstic acid when boiled with a strong solution of^austic potash. 

Tungstic Acid— 

Preparation, — We have already seen that metallic tungsten, or binoxide of the 
metal, generates tungstic acid when strongly heated in pi»sencc^of atmospheric air ; it 
may be also readily prepared by acting upon tungstate of lime with hot nitric acid, 
which removes the lime and leaves the tungstic acid. 

Properties. — A yellow powder, insoluble in water and in acfds, but soluble in 
ammoniacal and fixed alkaline solutions, provided it has not been calcined. 

The sulphurets and chlorides of tungsten are not important. 

MOLYBDENUM. 

Equivalent or atomic weight . ’ .40 

Specific gravity 8 '6 

Preparation, — (1) By transmitting a cunrent of hydrogen gas over cither of the 
oxygen compounds of molybdenum contained in a porcelain tube, and heated to redness. 

(2) mixing either of the pxygtn compounds of molybdenum yith charcoal 
powder and oil, and heating th#mixture strongly in a crucible^ linedfwitli charcoal. 

Properties. — A brittle white metal of great infusibility, and changing by absorption 
of oxygen, when heated in atmospheric air, into molybdic acid. 

Compomtds of Molybdenum with Oxygen, 

Three oxygen compounds of molybdenum are known, — the protoxide, the^binoxida, 
and molybdic acid. ’ 

Protoxide of I/^lybdenum— (MO) . 

Preparation, — Hydrochloric acid is poured into a solution of molybdate of potash, 
soda, or ammonia, until all the molybdic acid first thrown down is redissolved. A 
sheet of zinc now being immersed in the liquor speedily colours it black, owing to the 
generation in it of chloride of zinc and protochloride of molybdenum. Ammonia is 
now to be dropped in utitil the liquid becomes colourless, and all the molybdenum has 
been thrown down in the condition of protoxide. The latter must be collected, rapidly 
washed and dried without atmospheric contact. 
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JBinoxiite cf Molybdenum — (MO-J. 

Preparation, — (1) By the application of beat to mblybdate of ammonia contained m 
a closed vessel. ** 

* (2) By calcining a mixture of molybdate of soda and sal-ammon^c. 

Properties. — Binoxide tf molybdenum is a rerfdish-brown crystalline powder, which 
unites with water and generates a hydrate, something like hydrate o^ peroxide of iron. 

Molyhdie Acid. 

This is the mo'st important of all the oxygen compounds of molybdenum ; and from 
it, as we have seen, the other oxygen compounds of the metal arc generated. ^ 

Preparation, — It has been stated that when metallic molybdenum is strongly heated 
in the presence of atmospheric aii- it becomes converted Into molybdic acid ; practically 
however, the preparation of molybdic acid is anterior to that of molybdenum, and is 
conducted as follows : — Native bisulphuret of molybdenum, Mo Sa, is digested with 
hot nitrohydrochtoric acid, by which ^xeatment the sulphur of the mineral is con- 
verted into sulphuric acid, and the molybdenum into molybdic acid. The whole is 
evaporated to dryness, and the residue being digested wi|h ammonia, molybdate of 
ammonia is formed, and may be obtained in ci-}'^tul8 by evaporation. By strongly 
heating molybdate of amn\pnia in the presence of atmospheric air, dccomxiosition 
ensues, ammonia is evolved, and molybdic acid remains. 

Properties, — A white powder, which may bo volatilized at a strong red heat, but 
with difficulty. When recently precipitated from solutions containing it, molybdic 
acid is slightly soluble in water, but completely insoluble m that %uid, after having 
been calcined. It is more soluble in acids, nevertheless it does not act as the basic 
constituent of any’’ well-defined and permanent salts. 

VANADIUM. 

Equivalent or atomic weight .... 0^*6 

Specific gravity ' . . uncertain 

Vanadium is a reye metal, which occurs iv combination with iron in certain parts 
of Sweden, ahd also associated with lead, as vanadJate,of the oxide of that m«tal. 

Preparation of Vanadium. — (1) By heating vanadic aci/l with potassium in a 
platinum crucible, and acting on the residue with water, by which treatment potash is 
dissolved out, and vanadium remains. * 

(1) By transmitting ammoniacal gas over chloride of vanadium heated to redness 
in a glass tube. 

Proper^es, — whitei brittle, lustrous metal, highly infusible, and very unchange- 
able, not being acted upon by air, water, sulphuric, nitric, or hydrofluoric acid ; nitro- 
hydrochloric acid dissolves it however, gcnciyting a blue solution. 

Compounds of Vanadium with Oxygen. 

Throe of these compounds are known — Protoxide of vanadium, TO ; binoxide of 
vanadium, VOj; and vanadic acid, VOj. 

Protoxide of Vanadium. 

Prcparatioyi, — By heating vanadic acid in a current of hydrogen gas. 
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Binoxide of Fdnaditfn. 

Breparaiimi , — (1) By mixing ten jDarts protoxide of vanadium with twelve of vana- 
dic asid, and heating the mixture in a vessel holding carbonic acid gas. 

(2) Thrown d<^n as a hydrate by the addition of carbonate of soda to any salt con- 
taining the binoxide as base. « 

Properties. — T|jc anhydrous binoxide is a blacJ powder, which, if exposed to the 
atmosphere, and csp(|o4ally if heated,^absorba oxygen, and becomes vanadic acid. The 
hydrated binoxide is a grayish- white powder, changing to brown by exposure to the 
air, from absorption of oxygon. 

Vanadic Acid. 

Preparation. — By dissolving native vanadiate of lead in nitric acid, the former is 
decomposed, nitrate of lead bein§ generated, and vanadfc acid set free. "W ater being now 
added a solution of nitrate of lead results, and vanadic acid being insoluble remains ; 
being impure, how'ever, it is taken up by ammonia in the form of van%diate of ammo- 
nia, crystallized by evaporation, and finally the*vanadiatc of jimmonia decomposed by 
heat, when ammonia is expelled and pure vanadic acid remains. • 

Properties. — A deep or Age-coloured or brown powder, almost insoluble in water, 
more soluble in acids (although it dSes not yield definite salts with them), but readily 
combines with bases forming vanadiates^ of which those c^ntain^g an alkalino base 
arc soluble in w^ater. Vanadic acid is a powerfully oxidising agent, readily imparting 
oxygen to bodies characterized by a strong tendency to appropriate that clement— such 
as sulphurous acid, sugar, alcohol, &c. 

Vanadium with Chlorine — Chlorides of Vanadium. 

Two chlorides of vanadium are known, the bichloride and the tcrchloride. The 
former is prepared by dissolving vanadic acid in hydrochloric acid, transmitting^ cur- 
rent of hydrosulphuric acid gas through the solution, and evaporating to dryness. The 
tcrchloride of vanadium results w^hen a current of drie*^ chlorine is transmitted over a 
mixture of vanadic acid and chargeal. Bichloride of vanadium is u brown powder ; 
tercUorido of vanadium a yellow volatile li^id. 

COPPEE. 

• • 

Atomic or equivalent weight . . . 31*7 

Specific gravity . . • . . . . 8*76 to 8'9G 

This very important and anciently known metal occurs ih many }iarts of the world, 
though Russia, Sweden, and the island of 'Cuba yield it in greatest purity., Native 
copper is not unfrequont, but the metal more frequently occ^ Jn combi^tion witS 
oxygen, sulphur, and arsenic ; carbonate of copper also exists, though it is more rare. 
About half the total amount of copper gnnually manufactured is privluced in South 
Wales, from copper ores brought from Cornwall, Australia, New Zealand, and many 
other localities. South Wales became the head quarters of copper smelting on account, 
of the immense coal fields of that district. The practice of Welsh copper smelting is 
complex and ingenious ; the principle which it involves is, however simple, and may 
be rendered intelligible by the general statement, that whilst iron, one of the impurities 
associated with the greater number of copper ores, has a tendency to unite with oxygen 
when strongly heated, copper unites under similar circumstances with sulphur. This 
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mixed product being heated in coiLtact with siliceous matter, silicate of oxide of iron 
forms, melts, and rises to the surface, whilst sulphi^et of copper still undecomposvd 
sinks below. When the iron slag /silicate of oxide of iron) has been removed, the 
furnace heat is raised sufficiently to effect the decomposition of s^phuret of copper 
into sulphurous acid, which escapes, and metallic copper, slightly contaminated with 
oxide of copper, remains. " The metal holding this small portion of oxide is deficient in 
malleability, hence the oxygen of the oxide must be removed ; tihis Sb accomplished by 
the process of copper-refining, as it is termed. The rough material being liquified by 
fusion, powdered^ charcoal is added, and the whole stirred by a green wooden pole. 
It is almost unnecessary to remark, that the pole thus .circumstanced byrns, evolving 
hydrogenous matters, and yielding carbon, both of which are strongly attractive 'of 
oxygen, the removal of which is consequently effected. « 

Preparation of Copper Cliemleally Pure . — ^By tran^itting a cuarent of hydrogen 
gas over black oxide of copper heated to redness in a tube of refractory glass or of 
porcelain. ® , 

Properties . — The ph;yaical properties of copper arc familiar to most persons. Its 
colour (red) is peculiar. It is soft, malleable, and ductile^ Tusible at a strong red heat, 
and volatilizes, when heated to whiteness j the vapour bifining with a characteristic 
green flame. Copper being frequently employed for the manufacture of culinary 
vessels, the changes^ whichr it undergoes when exposed to common chemical agents 
demand attentive study. Perfectly dry air does not tarnish copper, but exposed to 
moist air, a greenish deposit of carbonate, and oxide of copper results, to which the 
general term verdigris is sometimes applied, though in the rigid language of chemistry 
it should be restricted to indicate acetate of oxide of copper. Acid and ammoniacol 
fumes rapidly act on copper surfaces, generating crusts of varying composition, but 
participating in the characteristic of being extremely poisonous. Oils also act upon 
copper surfaces, and what is remarkable, the action is more vigorous at low than at 
high temperatures ; hence, foo|i prepared in copper vessels should never be allowed to 
grow cold in them. The best antidote to poisoning by copper is white of egg, beat up 
with water, and copiously administered, followed by an emetic-— a dessert-spoonful 
of mustard mixed with a quart of warm ■Vator, and freely swallowed, is efficient. 

Combinations of Copper with Oxygen — tjxides of Copper, 

There arc four compounds of copper with oxygen — the suboxide, protoxide, bin- 
oxide, and cupric acid. * 

Suhoxide of Copper — (CugO), 

This ^ixido occurs fntive, both crystallized and amorphous ; it may also bo pre- 
pared artificially by the following processes 

(1) By heading in a crucible a mixture of protoxide and metallic copper. 

(2) By heating in a crucible a mixture of chloride of copper and carbonate of soda, 
and acting upon the fused result by water, which dissolves out chloride of sodium and 
carbonate of soda, leaving suboxide of copper. 

(3) By boiling a solution of any protosalt of copper with sugar and solution of 
potash, when the suboxide precipitates. 

(4) As a hydrate, having the composition of 4Cu20 + HO, by adding solution of 
potash to solution of protochloride of copper. 
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Properties. — Tlii% oxide of copper imparts a fi.pc|red tint to white vitreous matter, 

which purpose it is employed. In the hydrated condition it dissolves in ammonia, 
without imparting to the latter a blue tint, by which characteristic it may be distin- 
guished from the hydrate of the protoxide of copper, next to be described. The am- 
moniacal solution, however, if exposed to the air, absorbs oxygen, protoxide is formed, 
and the colour of th^ solution changes to blue. 

Protoxide of C®pp«>^(CuO). 

Preparation. — (1) By heating metallic copper exposed to the air. . 

(2) By stiongly igniting nitrate of copper. 

^ (3) As a pale green hydrate, by adding potash, soda, or ammonia to any solution 
holding protoxide of copper. flj|iis hydrate, if boiled, in the solution from which it 
has been precipitated, or if collected and heated, loses its water of hydration, and is 
converted into the anhydrous protoxide. 

Properties . — The protoxide of copper is a hlack powder, somewhat hygrometric, 
and which readily yields up jts oxygen when heated in close vessels along with carbon, 
hydrogen, and some other bodies which have the tendency to uitite with oxygen ; a 
property taken advantage ^ in the pltimate analysis of organic bodies. It combines 
with acids, and forms well-defined salts, mostly crystalline, and blue or green. 
Hydrated protoxide of copper dissolves in ammonia, with the generation of a blue 
solution, which is very characteristic. 

Pinoxide^ sometimes called deutoxide of copper (CUO2), is a compound of no practical 
importance, formed by acting on the hydrate of protoxide of copper by binoxide of 
hydrogen. It is a yellowish-brown powder. 

Cupric Add, 

The atomic constitution of this compound is unknown; Cuprate of potash 4b pre- 
pared by heating a mixture of finely divided copper, pgtash, and nitre, and acting on 
the solution by wafbr ; cupric acid, however, has not been isolaIXid. 

Cupreou^Salts. 

Suboxj^de and protoxide of copper ari basic, uniting with acidi, and farming well- 
defined salts ; binoxide of coppe^is neither acid nor basic, and ^upriif acid is devoid of 
all basic properties. All !he most common and important salts 06 copper are salts of 
the protoxide. • 

Sulphate of Copper. 

* • » 

This important salt of protoxide of copper, knowmby the popular name Hue etVnW, 
may be foimd by acting upon metallic copper with sulphuric acid. It is verf largely* 
employed in many arts and manufactures, especially for the pHi^ibse of voHb-electric 
deposition, or the electrotype operation, as it is called. Sulphate of coj>per is soluble 
in four parts of cold, and half that weight ^f boiling water. Crystals ofi sulphate of 
copper belong to the doubly oblique system of Weiss and Mohs, and contain five 
equivalents of water. Four of the equivalents of water of hydration may be evolved 
by heat, but the fifth lingers with great obstinacy. 

Nitrate of Copper. 

A salt frequently employed in the laboratory, is made by dissolving metallic copper 
in nitric acid, and crystallizing the solution. When heated, it first changes into a 
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subnitratc, having tho compositioji of 4Cu0*K05 ; but if the heat be increased, the 
elements of nitric acid arc completely evolved, anhydrpus protoxide of copper remaini2%. 

ft 

Carhonates. 

Xo carbonate of copper having the composition of one equivalent of carbonic acid 
united with one atom of protoxide of copper is known. The precipitate which falls 
when solution of carbonated alkali is ad^pd to solution of protesplt of copper, has the 
composition 20u0‘C03 + PO. Two hydrocarbonates of copper occur native : one, 
malachite^ is so ertensively found in Siberia, that it is worked as a copper ore, and is 
employed instead of marble for ornamental tables, brooches, &c., occasionally, too, 
for door panels. Malachite has a composition fepresented by the foimiiia 
OuO.COo CuO.HO ; a second hydrocarbonate of popper, having the compositiefn 
2CUO.CO3 -j- CuO HO is found crystallized in the neighbourhobd of Lyons ; and 
when hncly levigated is used as a pigment. A compound of the same kind, but still 
more pure, is made artificially, fqr employment as a pigment. 

Acetates of Copper. 

There are several compounds of acetic acid with protoxide of copper. The neutral 
acetate may be prepared by dissolving protoxide of copper in acetic acid, and evapo- 
rating tho solution, Vhdn crystals ^rm, holding cither one or five equivalents of water 
according to tho temperature at which crystallization is effected. Neutral acetate of 
copper is known popularly by the absurd term distilled verdigris. Many sub-acotates of 
copper are known under the generic term verdigris, and are generated by numerous 
processes. 

In certain ports of France sub-acetate of copper is formed by moistening loaves of 
metallic copper with impure acetic acid, or stratifying them with the husks of grapes, 
from which the juice has been extracted. The operation is conducted in a pit dug in 
tlie earth, and tho stratified cc/pper leaves, after remaining for a period of two or three 
months, are taken out*, moistened, and freely exposed to the atmosphere for tho purpose 
of becoming oxidised. The final result Js the formation of a crust of sub-acetate of 
copper, which may be removed by scraping and the copper leaves, by further restra- 
tification, may be entirely converted into sub- cafbo'n^atc. The sub-acetata thus pro- 
duced is said by Ec^ault to have the composition indic(^.cd by the formula CuO. 
C4H3O3 4 - CuO. 1 x 0 5 HO. Water decomposes this subacetate into a subsalt, 
having tho following composition, 3 CuO. C/HgOg, which deposits, and a solution 
containing two /)thcr acetates, having the respective composition of CuO. C4H3O3 
(noatra\ acetate), and a basic sul?-acetate having the composition of 3 CuO. 2C4H3O3. 

« 

Arsenite of Copper {Scheelds Green). 

Under the head of arsenious acid, this substance has been mentioned as occurring 
when ammoniacal sulphate of copper is added to solution of arsenious acid. Potash or 
soda may take the place of ammonia, as far as the production of Scheele’s green as 
a pigment is concerned, although ainmonia is the alkali which should be had recourse 
to when a copper salt is used as a test for arsenious acid. On the largo scale, 
Scheele’s green is manufactured by dissolving arsenious acid in solution of carbonate 
of potash, and adding a solution of sulphate of copper. The tint of Scheele’s green 
may be varied by varying tho relative amount of ingredients used in making it. 




SULPHURETS OF COPPER# 


491 


Coppwt with Sulphur^ StdphureU or^S^Iphides of Copper. 

Two of these compounds 'are khown, one corresponding w'ith tho sub or di-oxide of 
copper, and which therefore has the composition of CusS ; the other corresponding 
with the protoxide If copper, and bcin^ represented by the formula CuS. 

DUulphuret of Copper^ 

Preparation , — When copper filings^ or tuieiings are strongly heated in contact with 
sulphur, the two unite with brilliant combustion, yielding, fts Idle result, the compound 
CjS. This sulphuret is found native, and crystallized. * 

Trotosulphuret of Copper. 

Preparation , — By transmitting a current of hydrostilphuric acid gas, or adding a 
solution of hydrosulphuric acid or hydrosulphate of an alkali to a solution of salt of 
copper, a black powder falls : this is the hydrated protosulphuret of^opper, which 
cannot be prepared by the diy way, nor when g(^cratcd by precipitation is it perma- 
nent in the air. The applic^^Clon of heat drives otf one equivalent^ of its sulphur and 
converts it into the disulphi^et, A combination of this disulphuret CuoS with sul- 
phuret of iron, FcjSj, is a very widely distributed copper mineral, the well known 
copper pyritesy from which by far the major portion of coppoy is extracted. 

Copper with Mydrogen {Kydy'urei of Copper), Copper with Nitrogen {Nitruret of Copper), 

Both these compounds are known to exist and may be prepared artihcially, but they 
arc of small importance, and need not be further commented upon. 

Copper with Chlorine — ChhHdes of Copper, 

Two combinations of chlorine with copper are known : .the first being represjpited 
by the formula Cu Cl, and corresponding, therefore, with the sub or dinoiddc of copper ; 
the other having tho composition of Cu Cl, and corresponding, thgrefore, with the pro- 
toxide. It will be convenient to gjve priority to the protochloride. 

Protochhri^ of Copper, 

Preparation. — (1) By dissolviqg metallic copper in nitaro-hydrocblqiric abid, evapo- 
rating,^ and setting aside to«crystallize. • 

(2) By dissolving oxide of copper in hydrochloric acid, evaporating tho solution, 

and setting aside to crystallize. The crystals thus generated contain two equivalents 
of water. . ^ 

(3) Anhydrous protochloridc of copper is generated by heating copper in am excess 

of chlorine. ^ 

Properties. — k green compound, soluble in bofii water and alcohol, to which latter 
it imparts the propertj' of burning with a gaeen flame. 

Suh- or JH-cMoride of Coppet', 

Preparation, — (1) By boiling a mixture of copt)cr filings with protochloride of 
copper. 

(2) By exposing protochloride of copper to heat, when one atom of its chlorine is 
evolved, and di-chloride of copper produced. 

(3) By adding solution of protochloride of tin to solution of protochloride of copper. 
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an excess of hydrochloric acid lacing present to guard against ^precipitation of oxide 
of tin. * j » 

Properties. A solid body, not Ycry soluble in water, more readily soluble in hydro- 
chloric acid, and with still greater facility in solution of ammonia^ It fuses at about 
750'" Fah., and is totally volatilized at a red« heat. Exposed to the air 'it rapidly 
decomposes, generating* a comxK)und of protoxide and protockloride of copper. A 
solution of di-chloride of copper in liq,uor-ammonia) is somel^meS employed for the 
purpose of abstracting oxj^gen from ateabspherit air or other gaseous mixtures. 

General Characteristics of Copper in Solution. — We may confine our attention to the 
protosalts of copper, inasmuch as these alone will occur in the cou^c of ordinary 
investigation » 'c 

(1) Ferrocyanide of potassium afibrds a maho^aiiy-brown precipitate, which is 
very characteristic, inasmuch as the solutions of four metals only dcvelope an appear- 
ance which is similar ; they are copper, uranium, titanium, and molybdenum. 

(2) Solutfi>ne of potash and of soda throw down a pale blue hydrate, w'hich on 

boiling assumes a blacHsh hue. f 

(3) Solution of ammonia also precipitates the hydrate oxide, soluble in excess of 

ammonia, generating a solution with a purplish-blue tfiit. The evidence of this or 
the preceding test, taken in conjunction with No. 1, leaves no doubt as to the presence 
of copper. # * 

(4) Solutions of carbonates l>f the fixed alkalies yield a pale blue precipitate, 
insoluble in excess of precipitant. 

(5) Hydrosulphuric acid and hydrosulphurct of ammoiXia throw down a black 
sulphuret of copper. 

ALLOYS OF COPFEH. 

yhe alloys of copper with other metals are numerous and important. Many of 
them were known and manufactured long before iron and steel came into use, not only 
serving for purpose^ to whiAi copper alloys still continue to be applied, but many 
others to which they arc less adapted. For example, cutting instruments were anciently 
made of copper alloys — varieties of brctozes. The late Sir Francis Chantrey devoted 
great attention tQ the subject of cutting jbronzeg ; and in order to prove how well 
adapted a bronj^e might be made to the cutler^ u|es, he caused a bronzi razor to be 
fashioned, and i^aW^d with it during many years. Modem brass, pinchbeck, and 
tombec, arc alloj^ of copper with zinc. Brass of the ancients contained no zinc, but 
was an alloy of copper and tin. We should Senn an alloy of this kind bronze, Gun- 
metal'is an alldy of eleven parj;s tin and one hundred of copper ; bell-metal contains 
about « twice that quantity of tin; and gong-metal somewhat less. The metal for 
telesco|^'> mirrors oonfoins about thirty-three per cent, of tin, and statue bronze con- 
tains only about two per cent, of tin, melted with ninety-one per cent, of copper, six 
per cent qf^zinc, and one per cent of l^ad. Under the head of tin alloy of copper 
must here be noticed tinned copper surfaces. The operation of sheathing the surfaces 
of copper vessels to be employed in culinary operations with a tinned coating is one of 
great importance, and easily conducted. The copper to be tinned is heated over 
burning charcoal, smeared with sal-ammoniac, and tin rubbed upon it by means of tow, 
hemp, or a cloth. The tin adheres easily, completely^ sheathing the copper, and totally 
preventing, while it lasts, the occurrence of cupreous impregnation. Care, however, 
should be taken to discover the first appearance of tin abrasion, inasmuch as the copper 
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surfaces from which patches of tin have been removed are more soluble than if no tin 
WGge in their vicinity, on account o£ the voltaic action set up between the two metals 
in presence of a liquid solvent for copper. 

mercdut,* on aTiicicsiLVER. 

Equivalent or atomic weight . . 100 

, Spccmc^avity . . . 1 3*596 

This metal is remarkable in being the only one which mBlts at a temperature lower 
than any naturally occurring, except nearly in polar latitudes ; hence the inhabitants 
I of ^emperate ctimes never meet with it in any other condition but that of liquidity, 
except artificial means have bevi adopted. Mereury can be frozen in any state of the 
atmosphere by certain freezing fhixtures known to the chemist, amongst which, per- 
haps, a mixture of indy broken ice and crystallized chloride of calcium is most con- 
venient. A mixture, however, of solidified carbonic acid with sulphujjc^cther is more 
rapid in its action. The freezing, and, consequefitly, the mellj^ng, point of mercury, 
for Ihey are necessarily identifial, corresponds with about the fortieth degree below zero 
of Fahrenheit's scale, or — Fah. 

The physical relations of mercury ftre of especial value to be studied by the chemist, 
inasmuch as this metal enters into the formation of two of his igpiost useful instru- 
ments — the barometer and the thermometer. The exact amount to which a given 
volume of mercury expands for given degrees of temperature, is of the highest import- 
ance, as I have had occasion to mention in an early part of thiS treatise, when 
describing the mercurial thermometer, to which part the student may now turn with 
advantage. 

Mercury boils somewhere about 660® Fah., and then becomes totally converted into 
vapour; but a portion of mercury is vaporized at ordinary temperatures, even under 
the usual atmospheric pressure of about 15 lb. avoirdupois to every square inch of sur- 
face. In vacuo the evaporation of mercury at ordinary femperatures ensues with still 
greater rapidity. Mercury, as found in commerce, is seldom pure, and as absolute 
purity is indispensable for mercury designedffor barometric and thermometric uses, 
also for many other purposes, numerous mjans of purification have lien devised. Con- 
sidering th(p great volatility of mcijui^ in comparison with other metal*, the process of 
distillation would seem to* be that most obviously -dndicated. Distillation indeed, is 
frequently had recourse to, and it serves to effect the separation of a largo amount of 
impurities. The last traces, liowever,*cannot be separated by this means, because 
many substances are volatilized when heated* in contaqj with others of*easy voMility, 
although they cannot be volatilized when alone at the temperature in question.* This 
remark applies to the distillation of impure mercuy. 

Mercury may be completely purified by pouring upon its surface, and allowing to 
remain for some days, a mixture of one volipne of aquafortis and two df yater ; this 
liquid dissolves the impurities, but not the mercury. The makers of thermometers and 
barometers effect the purification of their quicksilver by this means. 

When small quantities of mercury have to be purified, that result may bo accom- 
plished by the following mixed process. First take some filtering paper, fold it into a 
conical shape, then cut off the apex of the cone so as to leave a very small orifice. By 
pouring mercury into the cone and allowing it to flow through the aperture, many of 
the superficial impurities will be filtered away and remain adherent to the sides of the 
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cone. The mercury, thus partially purified, is to be poured into bottle of large com- 
paratiye capacity and strongly agitated, the stopper being removed from time to tisic, 
for the purpose of admitting a frc^li supply of air. this treatment the metallic 
impurities contained in quicksilver arc oxidised, whilst the mercuijr itself remains un- 
acted upon. A peculiar rattling sound indicaj.es when the operation of shaking has 
been continued sufficienfiy long, t 'VMicn nothing more remainfi to be oxidised, the 
mercury should be poured, as before, tlirough the paper cone. ^Mcfeiiry, holding but a 
slight portion of any impurity, dissolved* loses its property of dohering into globular 
drops when poured upon a*fiat surface, and assumes the peculiar appearance designated 
by the expressive term tailinff, that is to say each mercurial aggregation is not a globule 
but an irregularly elongated bar or tail. 

Mercury is a somewhat rare metol, the localities yielding it being comparatively 
few. In Europe, the Spanish mines of Almadcn In La Manch^ and the mines of 
Idria are ancient and celebrated. For a long period they continued to supply the 
total amount df#jnercury employed in the civilized world ; but the quicksilver mines 
of Mexico and Califonjia have now sprung into importance. Native mercury sopie- 
times occurs, thoujjh rarely ; the greater amount of mcAsury is reduced from native 
sulphurct of the metal (cinnabar). 

Mercury is not oxidised, or otherwise altcreS, by exposure to the atmosphere at 
ordinary temperatures ; but if heated to something about its boiling point for a long 
I time together — weeks, or even mrfre— it gradually absorbs oxygen, and is raised to its , 
highest grade of oxygenation. This oxide, when exposed to a still higher degreo of 
heat evolves thft whole of its oxygen, and is, therefore, occasionally employed as a 
source from which to obtain oxygen gas. Neither hydrochloric nor sulphuric acids, 
when diluted, exercise a perceptible solvent effect on mercury; mixed with strong oil of 
vitriol and boiled the acid is decomposed, sulphurous acid being evolved, and sulphate 
of owde of mercury remaining. 

Comhimiions cf Mercury %cith Oxygen-~^Oxides of Mercury, 

Two oxides of mercury are known, — one black, thci other red ; concerning the per- 
centage composition of these oxides th«fre is no uncertainty, but their atomic consti- 
tution is still open to some doubt, certain ahemists regarding the black oxide as the 
sub, or dioiide,^nd the red oxide as the protoxidt* o^mercury : whilst othas recognize 
the former to be the t'cal protoxide, and consider the red CQmpound as a true peroxide 
of mercury. ThiS doubtfulness is much to be regretted, inasmuch as it has produced a 
confusion of terms between two important ifiedicinal agents, — calomel and corrosive 
sublinwste. New calonlcl is ^uasi harmless, but corrosive sublimate is a terrible 
poison f hence, any circumstance tending to the confusion of terms indicating these 
* bodies i^of grave ipipprtanee. The same train of reasoning which leads to doubts as 
between the respective claims of bla'ck and red oxide of mercury to the appellation of 
proto or peroxide^ also applies to the twog^chloridcs. Hence calomel, formerly called 
tho Bub-.chforide of mercury, afterwards the proto-chloride, becomes the sub- or di- 
chloridc, — ^if the black oxide of mercury bo recognized as tho di- or sub-oxide, and 
coiTOsive sublimate, formerly called the oxymuriate of mercury, then the bi-chloride of 
mercury becomes tho Gulohide of Mercury ! the very name by which calomel is 
generally known at the present time. This instance goes far to demonstrate the 
general impropriety of designating chemical compounds, used medicinally, by names 
indicative of their composition ; as between the expressions eaUmeV* and corrosive 
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Hublimate there can l&e no mistake ; but the chemical expressions indicatiye of these 
bodies are subject to*changc, according to a provafiiHg theory. For chemical reasons, 
much too long and numerous for ‘indication here, T am disposed to treat of the black 
oxide of mercuiy as the sub-oxide HgoO, and the red oxide as the protoxide HgO- 

Hlach Oxide {SuhoMde or Dinoxide) of Meiffiur if, 

• • 

Preparation, — U) By adding solution of potash or of soda to solution of neutral 
subnitrate of mercuryT (2) By adding solfttion of caustic potash, or soda, or lime, 
baryta, or stnmtia water to calomel. Lime-water and caBmel constitute the lotion 
known in medical and surgical pra(?tice, as the hlaeJc wash, 

l*ropcrtics.^A. dark brown, almost black, powder, which slowly decomposes when 
exposed to light, yielding metrjlio mercury and the red oxide of that metal. 

Salts eofitaining Sidh-oxide of Mercury. 

This oxide combines with most acids, giving rise to well defined salts. Sulphate 
of sub-oxide of mercuiy is generated by hcatinjf concentrated oil o^ vitriol with the 
niefal in excess, or adding oiJ«f vitriol to the sub-nitrate. Nitrate ^f sub-oxide of mer- 
cury is formed when cold byjdding dilute nitric acid to metallic mercury, the acid being 
in excess. The composition of this wit is Hg.p NO 5 2110. If the mercury be in 
(excess, a finely crystalline basic nitrate deposits, having thg composition SHgoO 2 X 0 ., 
-f- 3110. Both these salts arc decomposed by thc^ addition of water, a yellow sub- 
nitrate being in either case thrown df>wn ; indeed, a leading characteristic of the salts 
of sub-oxide of mercury, and many of ihc salts of protoxide of mercury, is their easy 
decomposition on the addition of water. 

lied Oxide {Protoxide) of Mercury. 

Preparation. — (1) By heating mercury for many weeks consecutively in a fiask 
provided with a long neck, to a degree somewhat under the boiling point of the metal. 
The product of this operation is deep red and ciystallin-?,* and constitutes the red pre- 
cipitate of the older chemists. Formerly when many chemical operations and forms of 
apparatus were designated by fanciful names^the long-necked flask employed in this 
operation was called Boyle's Hdl. 

(2) By cautiously heating any of the nitrates of mercury until* the last traces of 
nitric acid, or its elements, are expelled. If a nitrate of a sub-oxide be tho material em- 
ployed, the sub-oxide absorbs the necessary'- amount of oxygen to raisd'it to tho condition 
of protoxide. The product of this decomposition is paler than that generated by process 
No. I, and its tint is not so fine. Traces of nitric acid, moreover, usuplly rcm‘’'’>. 

(3) By the addition of solution of potash, soda, *iime, baryta, or stronti/j (lime, 

baryta, or strontia water), to a solution of chloride of mercury^ (corrosive sublimate). *| 
The oxide resulting from this treatment is red, but not crystalline like the preceding. 
If lime-water be employed in generating it, the result constitutes ■wjiat is termed 
yellow wash in medical and surgical practice. * 

Properties . — All tho leading qualities, physical and chemical, of this oxide, 
have been already described. Its colour (red) and its property of separating into 
metallic mercury and oxygen when heated, are amongst the most remarkable. Bed 
oxide of mercury can assume two allotropic or isomeric states, distinguishable in the 
course of certain chemical operations. The red oxide generated by the moist process, 
or, in other words, by precipitation, combines with cold solution of oxalic acid, which 
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exerts no action upon the other varieties ; it is besides more easily attacked by chlorine 
than they are. * • 

Salta of Frotoxide of Mercury. Nit. 'atea (f Mercury. 

Freparation. — >When mercury ieTboiled with excess of nitric acid, solution of neutral 
nitrate of protoxide of mercury (protonitrate of mercury) results. If^this solution, how- 
ever, be evaporated, crystals of a basic protonitrhte having the composition 2 HgO NOs 

2 HO are formed. The only known method of obtaining crystalline neutral proto- 
nitrate from the preceding solution consists in immersing the l^ter in a freezing mix- 
ture. Both these nitrates ore decomposed by dilution with water, the result being a 
white sub-nitrat 6 , having the composition 3HgO NO 5 -f- HO. Solution of proto - 
nitrate of mercury may be reduced to the condition of solution of nitrate of the sub- 
oxide HgjO NO# by boiling with more mercury. 

Stdpiate of Protoxide of Mereuty. 

This compound has already been cursorily mentioned. It is prepared, as we have 
seen, by boiling metallic mercury with strong sulphuric acid. The product should be 
heated in a sand-bath until copioui^ fumes of sulphuric acid are evolved, and |he 
material becomes dry, otherwise the result may probably *be contaminated with a little 
sulphate of the suboxide. Sulphate of protoxide of mere #ry is an important material 
as constituting the basis of fabrication of both corrosive sublimate and calomel. 

Subsulphat of Protoxide of Mercury (Turbeth*s, or TurpetK a MineraV). 

Many salts of mercury have tne property, as we have seen, of suffering decom- 
position when water is added. Sulphate of protoxide of mercury is in this category, 
and the yellow powder thrown down is avhaulphate of protoxide. Its composition is 
represented by the formula SHgO.SOy. 

Fulminate of Mercury^ or Fulminating Mercury. 

This salt is a compound of an acid, termed fulminic^ with protoxide of mercury. 
SinccTthe general adoption of the percussion principle in ffre-arms, fulminate of mer- 
cury has become an important article of manufacture. 

Freparation. — In general terms it may be said that fulminate of mercury is pre- 
pared by treating a solution of protonitrf to of mercury with strong alcohol. Various 
details for manufacturing it exist ; but the following proportions and directions answer 
well : dissolve lOO'^ains of mercury in a measu/ed ounce of strong nitrio acid, and, 
whilst yet hot, suddenly pour it upon a measured ounce aijd a half of alcohol, nearly 
absolute, contained in a flaeik or bottle of not less than three quarts capacity, and 
placed under a hood, or in the open air, but net exposed to the sun’s rays. The action 
whiebrOnsues t«^ 11 be most violent, but not dangerous. Torrents of nitrous gases will 
be evolved, also some nitrous 'other, and other complex products. When the action 
has ceased, and the^ bottle has become moderately cool, about a pint of cold distilled 
water isi» be poured in, and the whole of the contents of the bottle, of Jwhich the 
fulminate of mercury is one, thrown upon a filter to be well washed. The safest 
method of detaining this dangerous compound is to keep it moist with water in a 
wooden or card-board box. Hard bodies should never be allowed to touch it, but 
portions, when wanted, should be scooped out by means of strips of paper or card. 

Largo quantities of the fulminate of mercury are made in the Channel Islands, on 
account of the low price of alcohol there. Mr. Taylor, the chief manufacturer of the 
substance in Guernsey, informs me that it is sent to England packed in canvas bags, 
surrounded with wet straw, in a hamper. 
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The compotizLd inhere with percussion caps are* filled is not pure fulminate of 
mercury, but an intimate mixture^f that substance with about i^ths of its weight of. 
saltpetre. The two materials moistened with wate^are livigated together on a marUe 
table with a wood^ muUer. 

Chloride of Mercury {Corroeweli^ubUmate.) 

This is an important mercurial pieparatioD, not only as regards the numerous uses 
to which it is immediately applied in medicine and the aits, but as constituting the 
basis of preparation of the important medicinal substance calomel. 

T^eparatuno, — (1) By heating mercury in an atmosphere of chlorine. 

(2) By dissolving oxide of mercury (red oxide) in hydrochloric acid and evapo- 
rating to crystallization. * 

(3) By sublimiflg a mixture of equal parts of sulphate of mercury and common 
salt. This it the plan usually followed in practice, and the decon^sition which 
ensues is thus represented : — 


l*eq. Sulphate (} 
of mercury g 


1 Corrosive sublimate 


1 Chloride of 
sodium 


Sulphuric aci^ 

Chlorine 
Sodium 


1 Sulphate of soda 


A colourless crystalline body, having a specifio gravity «Df 6*5. It fuses 
at about 509° Fah. Its vapour, which is colourless, has a specific gravity of about 
9*42, referred to atmospheric air as unity. Corrosive sublimate requires about 16 parts 
of cold, and 3 parts of boiling water, for solution. Alcohol and ether both dissolve it 
in greater quantities, 3 parts of the latter, cold, dissolving one part of corrosive ijpbli- 
mate. The solubility of corrosive sublimate in ether is a very important quality, 
frequently taken advantage of in the extraction of thal^ body from complex organic 
matters. Corrosive sublimate has the property of combining with idbumen and 
some other organic matters, forming with thvn compounds nearly insoluble in water 
and in the usual contents of the stomach ^ hence albumen (white of egg), is an anti- 
dote to poigoning by this dangeromf substance. A solution of protqphlofide of tin 
being poured into one of cegrosive sublimate the latter is first coewerted into calomel ; 
bht on the addition of more protochloride of tin the calomel is itself tecomposed, with 
production of metallic mercury, which j^ecipitates in a finely divided state under the 
aspect of a black powder. Corrosive sublimate, although more violent ^scson, 
weight for weight, than arsenious acid, is not so dangerdlis, for two reasons,~firstly, it 
possesses a strong metallic nauseous taste, unfitting it for the puT|g>s^ of the muderer ; 
secondly, its iU efibets can be satisfactorily neutralized by the administration St white 
of egg beat up with water ; a remedy, it w^l be remembered, already 2;9Commended 
in cases of poisoning by salts of copper. 

Although albumen is pre-eminent amongst organic principles in the quality of 
combining with chloride of mercury and forming insoluble results, many organic 
matters are in the same category. On this fact depends the application of bichloride 
of mercury to the preservation of wood, cordage, &c. from decay. The organic com- 
binations formed by it are not easily decomposed by ordinary atmospheric agencies, 
and are protected to some extent against fire. The preservative process of Ky an consists 
in steeping the wood, cordage, &c. in a solution of the chloride. 
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Preliminary qmlitatm teat of ihepreunoa of Corroam Sublifnate ih aolutiona both 
aw^ and means of deteunini^g tlie presence of corroi^e 

sublimate consists in placing a drop of the solution contaming it upon a piece of gold, 
and touching both gold and solution with a piece of iron or ste L Practically the 
operation is usually conducted by means of a key and a gold coin. If corrosive subli- 
mate or a few other salts of mercuzy be present, the metallic mei^ury will be deposited 
upon Hie gold, when the latter, on aocoi^t of beeoming amalgomal^ will be marked 
with a white atam; PraetiridUy, the operator may take it for granted that an appearance 
of this kind wiUFbe produced alone by corrosive sublimate. 

Vf Separation of Corrosive Sublimate from oryanie miaeturea» — ^The organic miztuio 
should be placed in a'flask having a long neck, and Well agitated with ether ; then 
being allowed to stand a short time at rest, the sup^imtant etherial layer should be 
removed, evaporated to dryness, the residue, if any, dissolved, and 'tested for corrosive 
sublimate, ^e teats wiH be indicated further on. It u imposaibIe,*by means of 
ether; to remove the whole of the osirosive sublimate which may be present in an 
organic mixture, hence the etherial treatment cannot become a means of qtuintiiutive 
separation. In cases of medico-legal examinations, however, involving corrosive sub- 
limate, the problem is not usually to extract the whole of '‘the poison, but to determine 
the presence of an amount sufficient to have destroyed human life. If the application 
of ether fail to result in the elimination of corrosive sublimate (which negative result 
may happen if very little of the poison be present), the operations become more 
abstruse, and will vary according to the kind of the organic matter present. For the 
processes necessary to be followed, I must refer to treatises specially written in this 
department of applied chemistry. 

Sub‘ or J)i~chloride of Mercury {Calomel). 

^Preparation. — (1) By mixing together solutions of sub-nitrate of mercury and of 
chloride of sodium (common jalt). 

(2) By triturating of corrosive sublimate with metallic mercury and common salt, 
subliming the mixture and condensing the result. This process is usually adopted in 
practice, and the decomposition which results is thus represented 


fl Mercurjr - 
1 eq. of SulphatbJ 1 Sulphuric 
of ^ 1 acid — 

mercury. (l Oxygen S 

1 Itfercurf’ ^ p 

1 OUonde of/liOhlorine 

sodium Sodium— —1 


Calomel 


. Soda — ^ Sulphate of soda. 


1?!^ JhroperHea^K heavy white crystdllne body, though for medicinal uses it is 
generally obtained in powder. The specific gravity of calomel is 6*5 ; it is nearly 
insoluble in water. Solutions of alkalies, or alkaline earths, decompose calomel with 
production of black or suboxide (dinoxide) of mercury. Boiling nitric acid, or still 
more readily boiling nitro-hydrochloric acid, decomposes it, the former producing a 
mixture of nitrate of mercury and corrosive sublimate, the latter corrosive sublimate 
unmixed. *When calomel is digested with solution of ammonia, a grayish-black powder 
falls, something like the suboxide of mercury in appearance, but which, however, is 
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probably a con^ouxulof that calomel with amidog^en. and is, therefore, represented by 
thf formula iHg 2 CLHgN]P! 2 * • 

fThiU Freeipitat^ 

Freparation,^l^ adding excess of ammonia to solution of corrosive sublimate a 
white powder (whfke precipitate) is thrown down. Its composition is still open to 
some doubt ; but che&ists, for the most part, adopt *the opinion of Sir Eobert Kane, ; 
that it is a compoifiid of chloride of mercury (corrosive sublimate) with amidogen ; in 
which case its composition will be represente*^by the form^a HgCl HgNHs 

jComHnattons of Mercury with Iodine {Iodides of Mercurp). 

^ Two combinations of these«clements are known ; one corresponding with the sub, or 
black oxide, the other with thef jj^d, or protoxide of mgreury. 

Suhiodide of Mercury. 

Preparation. — (1) By adding solution of nitra|jp of suboxide of mereni^ to solution of . 
iodide of potassium, a yellowii^ green powder is thrown down, {t is the substance under 
consideration. (2) By triturating mercury and iodine together in the necessary atomic 
proportions — i. e. two equivalents of mercury and one of iodine. When heated rapidly, 
the subiodide rises in vapour unchanged ; if slowly heated, however, it suffers decom- ; 
position into metaUio mercury and the protoiodide of that nfbtal. r 

Protoiodide of Mercury. 

Preparation. — (1) By pouring solution of iodide of potassium into solution of cor- 
rosive subUmate, taking care that neither solution be in excess, the iodide of mercury 
being soluble in both. 

(2) By triturating a mixture of metallic mercury and iodine in due atomic pro- 
portions. 

Properties. — Protoiodide of mercury sublimes unchaijgod by heat, and its vapour is 
remarkable for its |;reat specific gravity, 15-68 ; more considemblc than that of any 
other known gaseous body. The salt under consideration furnishes a striking example ' 
of allotropism, evidenced as follows : — The protoiodide, when first obtained by pre- 
cipitation, ^s a beautiful red compduad ; application of heat, it Arst changes colour, ' 
the condition of powder being fbtained ; it then, on the further ap]^ioation of heat, 
melts into a yellow liquid,* and sublimes under the form of yellow cig-stalline spangles. 
Both the fused yellow mass and the yellow crystals resulting from sublimation retain 
their tint even after cooling ; but if either be broken, the qolour at once chafes to 
red, first at the plane of rupture, but gradually extending to the wlole mass; con- 
sequently, if the yellow iodide be powdered, tho change takes place througllout the • 
whole of the powder at once. 

Cyanogen with Mercury {Cyamret or Cyanide of Mercury).* 

Only one compound of mercury with cyanogen is known ; it corresponds with 
corrosive sublimate, and is therefore the protocyanide, or protocyanuret of mercury, 

It is more usuaUy called the bicyanide of mercury, however, owing to the opinion 
which formerly obtained, that the atomic weight now generally accepted for mercury 
should be doubled. 

Preparation. — (1) By dissolving red oxide of mercury in dilute hydrocyanic acid, 
and evaporating the solution until crystals form. 
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(2) . By boiling a mixture qf ;bwo parts prussian blue, one paft red oxide of 

mercury, and eight parts of water, filtering the solution, ^d setting aside to crystallise* 
If the filtered solution should contain traces of iron, which is frequently ^e case, 
that metal may be thrown down as oxide, by boiUng the soluti^ with a^ little red 
oxide of mercury. » * 

(3) By boiling a mixture of two<parts ferrocyanide of potassiiim ^yellow prussiato of 
potash) with three of sulphate of mercu^^, and from fifteen toF ;twenty parts of water. 
The liquor is to be filtered#hot, and set aside to deposit crystals. 

Cyanide of mercury is a white crystalline body, evolving cyanogen and metallic 
mercury when heated in a close vessel, and leaving a black residue termed paracyan- 
ogen. When hydrochloric acid is added to cyanide 6f mercury, and heat applied, 
mutual decomposition ensues, bichloride of mercury r^aining behind, and hydrocyanic 
acid passing over. When cyanide and red oxide of mercury are boiled together union 
of the two rgsults, and oxycyanide of mercury is formed. Cyanide of mereury also 
unites with othbr cyanides, forming,«n many cases, well-defined crystalline combina- 
tions. It also unites^with chlorides, iodides, and brorc^des, forming, in many cd^es, 
well-defined cxystalline salts. 

Combinations of Mereury with Sulphur. — SulphtireiSy or Sulphides of Mercury » 

Two of these Compounds are^ known ; one corresponding with the suboxide, the 
other with the red oxide of mercury. 

Svh^ or BUsudphuret of Mercury^ 

If a stream of hydrosulphuric acid be transmitted through a cold solution of sub- 
nitrate of mercury, a black powder, which is the suh-sulphuret of mercury ^ falls. If 
the solution, however, be heated, the compound decomposes into metallic mercury and 
prot^ulphurety the compound next to be described. A similar change also results when 

tke Bub-sulphuret is heated dcy. 

« 

Sulphwet of Mercury, 

Preparation.-^^]) By triturating metallic mercury with sulphur in a mortar, sul- 
phuret of mercury is obtained in the conition/>f’ black powder, formerly known by 
the appellation *£^qp’s mineral. ^ 

(2) By transnritting a stream of hydrosulphuric acid gas through the solution of 
proto-salt of mercury. On first transmittingethe current of gas, the precipitate which 
falls4e,p^hite, being a compound of sulphuret of mercury with a definite portion of the 
mercurial salt originally presert ; at length, however, the current of gas being main- 
tained,* the precipitate which falls is black, being the true sulphuret of mercury. 

Pre^r/ietf.— Wheif the sulphuret of mercury, prepared as directed, is heated, it 
sublimes and condenses into a red mass, similar in appearance and identical in compo- 
ution witb *the native sulphuret of meWry, called dmahar. The red artificial 
sulphuret of mercury is called vermilion^ and is much employed by painters. When 
designed for exclusive employment as a pigment, vermilion is prepared by a process 
difierent from that described. A very beautiful vermilion results when ordinary 
cinnabar, previously reduced to impalpable powder, is heated for a considerable period 
with solution of an alkaline sulphuret, at a temperature of about 112** Fah. 

The sulphurets of mercury are readily decomposed when heated in the presence of 
atmospheric air^ then sulphur being cqpYcrtod into sulphurous acid, and their mercury 
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sublimed. Cinnabar* is readily attacked by hot Altro-bydrocblorio acid, and with 
raticr more difficulty by nitric tieid but hydrochloric acid and caustic alkalies 
dissolve it with difficulty. 

General Charaeterialiea of Mercurial Compounds. 

Several mercuri|.l compounds yield up their mercury by the simple application of 
heat, and all without ^option are decompose^ with the production of mercury when 
heated in contact with dry carbonate of soda. Most of the soluble compounds of mer- 
cury arc decomposed, metallic mercury being thrown down by the oombined voltaic 
action of gold* and iron, as already indicated, also by a plate of metallic copper 
inffiiersed in the solution. Thd^greater number of mercurial solutions, if not all, are 
decomposed by protochloride of ti% metallic mercury befaig thrown down, ^he peculiar 
action of hydrosulphuric acid on soluble mercurial salts, <~occa8ionally yielding a white 
precipitate, which, however, changes to black when more of the precipitaxi| is added, — ^is 
important ; also, the action of dry hydrochloric acid on di-solutions of nfcrcury, causing 
the precipitation of an insolu^^ white powder (calomel). Iodide of potassium, too, is 
a delicate and characteristic test of mercury in solution, more especially for corrosive 
sublimate. 

SILVER. 

Equivalent or atomic weight . . 108*1 

Specific gravity 10*6 * 

Silver is a very widely distributed metal. It occurs as native or pure silver ; also 
in combination with sulphur (sulphuret, or sulphide of silver), or with sulphur and 
lead, constituting the mineral galena, and in union with chlorine, forming chloride of 
silver. 

Preparation of Silver Chemically Pure. — (1) 100 parts ^f chloride of silver are inti- 
mately mixed w*ith 7D parts of carbonate of lime (chalk), and four or five of charcoal, 
and the mixture is heated to whiteness in an earthenware crucible. Carbonic oxide gas 
is liberated, and a mixture of chloride of calffium with metallic silver remains, the 
metal, however, forms a button, aod jBolldting in the lowest partaof the ^crucible is 
readily separated. Instead of thoimixture of chalk and charcoal, carb(ffiato of soda or 
of potash may be used. * ^ 

(2) By suspending chloride of silver ^ water acidulated with a little hydrochloric 
acid, and immersing fragments of zinc. The chloride of silver by this treatment is 
rapidly decomposed, chloride of zinc being formed, and Remaining in 80 ^ution, fmdpure 
silver in a finely divided condition being tiftrown down. Practically, in order tefassure 
the complete absence of zinc, it is as well to fuse tho pulverulenf sifver resulting from 
this operation with a little nitric acid and borax. Instead of zinc iron may be employed ; 
and this modification of the process is impoifant as constituting the prodbss by which 
silver is extracted from its ore, in America and in Saxony. The silver ore (a sulphuret) 
being reduced to powder is intimately mixed with common salt (chloride of sodium) 
and roasted in a furnace, by which treatment chloride of silver is generated, and the 
latter being intimately mixed with scraps of metallic iron and mercury, and well incor- 
porated, an amalgam or compound of sUver with mercury results. The latter is freed 
from a portion of its mercury by straining through a linen cloth, and finally the whole 
of the mercury is separated by distillation. 
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Charatieriaiie Propertie$ of Silver, 

Silver absolutely pure is a soft metal yet harder than pure gold. On account of 
this softness it is neither adapted to the purposes of coinage, nor to the mamifacturc of 
articles of luxury. Furd silver, y'hcn polished, is more brilliant than any other metal, 
and does not tarnish by exposure to air eilher dry or moist, provi-^led hydrosulphnric 
acid gas or vapours of hydrosulphate of* ammonia be absent ; Otherwise it blackens. 
^The black surface acquired by a silver spoon when immersed in mustard, or in a 
boiled egg, is also referable to a superficial combination with sulphur, and con- 
sequently demonstrates the existence of this clement Jboth in eggs and in mustard. 
Next to gold silver is the most ductile and malleable of all metals : it fuses at a white 
heat, and thdh absorbs oxygen, Wt the oxidation is i^t permanent, pure brilliant silver 
resulting as the metal cools. Silver is sparingly attacked by strong hydrochloric acid, 
even when hotf;^ dilute sulphuric acid, too, exci-ts but little action upon it; strong sul- 
phuric acid effects its solution, a portion of the acid being simultaneously decomposed, 
as evidenced by the disengagement of sulphurous acid gafe Nitric acid, whether dilute 
or concentrated, dissolves silver readily. 

Combinations of Oxygen with Silver {Oxides of Silver), 

Three compounds of oxygen "v/ith silver are known, namely, the suboxide Ag^O j 
the protoxide AgO ; and the binoxide AgO^. 

Sulfoxide of Silver, 

\ Preparation , — By passing a stream of dry hydrogen gas over dry citrate of silver, 

heated to 212** Fah. 

citrate of silver, treated as described, loses oxygen, and assumes a brown tint. 
The product, when dissolved in water, yields a solution of citric acid, mixed with 
citrate of sub-oxide qf silver.' Solution of potash being acid, sub-oxide of silver pre- 
cipitates. It is black, soluble in ammonia, and readily decomposed. When the mixed 
solution of citric acid and citrate of sub-;.xide of silver is heated, citrate of protoxide of 
silver and metallic, silver result, and the soli^ion becomes colourless. 

Protoxide of Silver^ 

Preparation,~^^Nh!Qin. solution of potash is mixed in excess with a solution of nitrate 
of silver, black hydrated protoxide of silverffalls. This compound loses its water of 
hydic^i«ii when heated ^gently, or when subjected to the vacuum of an air-pump. 
Anhydrous protoxide of silver'is an olive-coloured powder. Both hydrated and anhy- 
drous prpjtoxide of ^il^er arc decomposed by exposure to the sun's direct rays. The 
hydrated protoxide dissolves in water to a slight extent, and then manifests an alkaline 
re-action ; bvt it is totally insoluble in caustic alkalies. All the important silver salts 
contain pioWide of that metal as base. 

Binoxide or Peroxide of SUver, 

Preparation,— yphsn. two platinum electrodes in action are plunged into a weak 
solution of nitrate of silver, the positive conductor soon becomes covered with black 
prismatic crystals of the binoxide or peroxide of silver. This compound is not so 
readj]^ decomposed by heat as the protoxide, which is contrary to the general rule. It 
does not combj^jie with acids, but decomposes, and yields salts of the protoxide. 
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Ammpniuretted Oxide of Silver. 

This term may be provisionally applied to indicate a compound possessed of violently 
explosive qualitief^ and the composition of which is variously represented by different 
chemists. Some regard it as the resuft of a direct combination between ammonia and 
oxide of silver, h^ng the formula AgO + KH3 f others believe it to be an amide of 
metallic silver, aii^ Consequently represeqjt®^ ^7 formula Ag, NH2; whilst^ 
according to a third supposition, it is a direct compound oj silver with nitrogen. This 
black fulminating oxide of silver must not bo confounded with white^^mmotfs of oxide 
of silver, formed by a process analogous to that adopted in the generation of fulminate 
Iff oxide of mercury. The bNiok compound under consideration is as much more dan- 
gerous than the white fulminate of silver, as the latter in comparison with the corres- 
ponding salt of mbreury. 

Preparation . — The method of generating the black fulminating oxide of silver is 
here indicated, rather for the purpose of guasdiug the operator against the conse- 
qdences of its accidental ];yK>duction than as a guide for its preparation. It may be 
formed by digesting oxide of silver with strong solution of ammSnia f or by pouring 
solution of potash into a protosalt of silver dissolved in solution of ammonia. At a 
temperature of about 212*^ Fah. it explodes, even when covered by water, and mere 
fnction with the plume of a feather causes detonation of tlie dry fubstance. 

Salta of Protoxide of Silver ^-^Nitrate of Silver, 

This very important salt has long been employed in medical and surgical practice, 
under the appellation of “ lunar caustic,** which substance is nitrate of silver fused, and 
cast into round sticks. The 'crystallized salt is now largely employed ‘in calotypc 
operations, and for many other purposes in the arts. ^ 

Preparation . — By dissolving silver in nitric acid modelrately strong, and evaporating, 
the solution until Aystals form. If the silver employA be pujQp, the nitrate of silver 
resulting will be jjure also ; but in practice it is usual to employ, for the manufacture 
of this substance, silver which has been allowed with copper, in which case one of the 
following modifications of the precQps ju|fc described has to be adopted : — ^1) The whole 
of thc^alloyed silver having be«i dissolved, the solution is evaporated to dryness and 
the dry mass fused. By this treatment the nitrate of copper ^s decomposed into the 
elements of nitric acid, which being '^latile are evolve^^ and oxide of copper, which 
remains diffused through the liquified nitrate of silver, which is coloured brown in 
consequence. From time to time a little of the fused product is reAoved bn the ex- 
tremity of a glass rod, dissolved with water, and tested by ammonia ; so louqs; as any 
nitrate of copper remains undecomposed, the ^solution turzu# bhie when gjmmonia is 
added ; but as soon as the decomposition of nitrate 8f copper is complete, this change 
does not take place. The fused mass being now removed from the^e, allowed to 
grow cold, dissolved in water, and the solution filtered, yields a solution of pure nitrate 
of silver, which is to be evaporated as before until crystals are produced. (2) A solution 
of mixed nitrate of silver and nitrate of copper having been made, one-fifth part of it is 
to be precipitated by cold potash solution added in excess. By this treatment aU the 
oxide of silver and oxide of copper is thrown down. The mixed oxides having been 
well washed for the puspose of removing potash, are to be added to the remaining four- 
fifths of the solution and boiled, by which trcatment the whole of the oxide of coj^r 
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is thrown down, and a solution of pure nitrate of silver remains, ^hich. is to be treated 
as before. , 

Nitrate of silver, when quite ffee from all organic xnatter, docs not perceptibly 
decompose when subjected to the sun*a direct rays ; but the slightest admjztui*o of 
organic matter leads to that result. r 

SiilptuiU of Silver, 

Preparation, — (1) By digesting silver with concentrated sulphuric acid. 

(2) By adding sulphuric acid or sulphate of soda to a boiling solution of nitrate of 
silver. « 

Properties . — white crystalline body, though the crystals are usually smaU, solubh) 
in water to a slight extent only, but more soluble in s^ution of ammonia. 

Carbonate of Silver, 

Preparatioi^.^'TtY adding carbonat^of soda to a solution of nitrate of silver. 

Properties A white<powder, which changes to brow^^ by exposure to the sun’s 

rays, and suffers decomposition when heated, either dry or surrounded by water, metallic 
silver in both oases being the fixed result of decomposition. 

. '' Acetate of Silver, 

Preparation.^^j dissolving carbonate of silver in acetic acid, or by pouring solution 
of acetate of soda, into a hot and concentrated solution of nitrate of silver. 

hyposulphite of Silver, 

This salt is a white powder which suffers decomposition when boiled with water, 
metallic silver being precipitated. Hyposulphite of silver readily combines with alka- 
line hyposulphites, generating solutions characterized by an intensely sweet taste. 
Alkaline hyposulphites, moreover, dissolve chlorido and oxide of silver, yielding solu- 
tions somewhat brown in appearance, and also sweet. This property of tho alkaline 
hyposulphites renders them applicable to tho calotype operation as solvents for certain 
argentiferous dep options, which, if allowed to Remain, would be injurious to the 
picture. 

Comhimtidks of Silver and Sulphur, — Sulphurets or Sulphides of Silver, 

Only one compound of sulphur with silver, the monosulphuret or tnonosulphide is 
knowm *lt occ&rs native, cry^allizing in forms isomorphous with those of tho sub- 
fulphurdt of copper. Sometimes it is found pure, but more generally in combination 
with sulpk'irets of ifis#iiic and antimony. Sulphuret of silver of the same chemical 
composition may also be formed t>y fusing silver and sulphur together in single atomic 
proportions, pif by precipitating solution oT a silver salt by hydrosulphuric acid or 
hy^sulpkate of ammonia. 

Silver with Chlorine-^Cftloride of Silvei\ 

Only one chloride of silver is known ; it is the protoohloride, and a very important 
compound. Chloride of silver is occasionally found native, and may bo prepared by 
addiug hydrochloric acid, chlorine, or any soluble chloride, to solution of nitrate of 
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silver, or almost argentiferous solution. It is a dense flocculent white powder, the 
lArticles of which cohere agitation, and form a(%d masses, which are highly cha- 
racteristic. The precipitate separates most satisfactorily from solutions acidulated by 
nitric acid, and hfated. Chloride of silver is not soluble in water to an appreciable 
extent, but slightly soluble in hot concentrated hydrochloric acid. Ammonia solution 
dissolves it with faifcility, and serves to distingniA it from subchlorido^of mercury 
(calomel), which ^t closely resembles in physical appearance. Calomel is blackened by 
the addition of sofu^on of ammonia, whereas chloride of silver, as we have seen, is 
dissolved by that reagent. « 

Chloride ^f silver is blackened by exposure to the sun’s rays, possibly owing 
io conversion into subchloridc, but the rationale of the change is not fully understood. 
The blackened portion is n(f ^onger dissolved either by ammonia or alkaline hypo- 
sulphites, whereas the white portion is dissolved in both. Chloride of silver fuses at 
about Fah., and, on cooling, forma a semi-transparent homy mass ; at a still 
higher temperature it may be partially vola^ized. The methods ^f effecting its 
dscomposition, and producing its metallic silver, have already been adverted to at 
page 501. * • 

Sfiver with lodUie^ and with Bromine, 

• 

The iodide of silver is a yellowish white powder, thrown down when solution of an 
iodide is added to solution of a silver salt. Nitric acid and amihonia dissolve it to a 
slight extent, whereas chloride of silver is read&y soluble in ammonia, as wo have 
seen, as in like manner is bromide of silver. The latter salt is prepued like the iodide 
merely employing a soluble bromide in place of a soluble iodide. 

Silver with Cyanogen, 

* 

When hydrocyanic acid is poured into a solution of nitrate of silver, a cur^ white 
precipitate, cyanide of silver falls. By this means the quantity of hydrodyamc acid 
present in a solut^n may be determined. Cyanide ofii silver is not soluble in water, 
nor in dilute and cold nitric acid ; but solution of ammonia dissolves it with facility. 
Treated with hydrochloric acid, "decomposition ensues, chloride of silver and hydro- 
cyanic acid being simultaneouslj^ generated. Occasionally the decomposition is taken 
advantage of in effecting the es^xd^oraneous preparation of hydrScyanic acid. 

Silver Assaying, 

Pure silver, as I have already remmked, is too soft for the purposes of coinage and 
manufacture. To render it adapted to these uses it is meltell, or aUoycdj with a'dertain 
percentage of other metal, usually copper. The amount of alloy varies for* different 
countries. English standard silver is composed of 11 oz. silver melted wit& 

18 dwts. pure copper. The per centage composition of a silver alloy can, orcourse, bo 
ascertained by one of several processes of ^emical analysis. Practicallfr^howevcr, the 
operations are reduced to two j the dry and the moist processes of silver assaying. In 
England, the former is almost exclusively employed, though in France the latter ia 
followed by preference. The dry process of silver or gold assaying involves the 
operation of eupeUaiion^ as it is termed, the outline of which I shall now proceed to 
describe. 

CttpeHation.^Bwre silver may be fused without any permanent oxidation, and a 
similar remark applies to gold |md platinum. The latter metal may be left out of 
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consideration ; hence, practically the, only metals we have to consider as the objects of 
cupellation are silyer and gold. Excluding platinum, then, all other metals, except 
silver and gold, are converted into oxides when kept fused for a considerable time. 
Lead is pre-eminent in this respect ; not only does it oxidise with extreme facility, but 
tbe oxide, when generated|^ readily fuses, and acts as a solvent for other oxides, espe- 
cially that of copper. If, then, thd &Lsed oxides could be succelssively removed, as 
soon as formed, the silver contained in an ^oy free from goldwou}^ oTentually remain 
pure. On a proper application of these principles depend the process of cupellation, so 
called from the en^>loyment of a little cup, or crucible, technically denominated a cupel, 
made of bone earth, a material which is endovred with the quality of absorbing the 
fused oxides after the manner of a sponge., • 

The operation is conducted in the following manne^:— A weighed portion of silver 
alloy, usually not more than 12 grains, being wrapped in sheet lead*, absolutely pure, 
is thrown upon a cupel heated to redness in a small oven, through which a current of 
atmospheric air'continually passes. T^iis oven is technically known as a muffle, and 
tho manner of fixing it in the assaying furnace is represented by the followidg 
engravings : — ^ 



The proceeif of cupellation does not give •results absolutely correct, especially if the 
heat employed be unnecessarily high, inasmuch as silver is perceptibly volatile under 
these circumstances ; but, on the other hand, a portion of 
the lead employed remains obstinately combined with the 
silver, and thus in some measure compensates for the pro- 
tion of that metal lost by evaporation. Usually the cupelling 
process occupies about twenty minutes, and may be known 
to have been continued sufficiently long by a peculiar appearance, termed brightening,*’ 




GOLD. 


507 


fssumcd the sitver bead. WhUst anj lead* (f other base metal remains to be 
removed, the bead of impure silver is seen to emit fames, to bo tinted with iridescent 
colours, and to be violently agitated ; suddenly, Ifowever, a flash of light appears^ the 
iridesc^cc and Motion cease, the bead becomes dead white and 'motionless. The 
operator must now ^aw the cupel towards the external orifice, or mouth of the muflle^ 
and there allow is to remain until it becomes pafti^ly cold, when it is to be withdrawn 
completely, allows^ *to become quite coldf and weighed. The loss of weight is indi- 
cative of the per contage of base metal originally present. If the cupel with its con- 
tents be withdrawn abruptly, the bead ,of silver is liable to shoot foUh fungoid-looking 
excresccncef, occasionally with such violence that particles of silver are darted away, 
and lost. This phenomcnop is dependent on the fact, {hat pure silver, when fused, 
absorbs a considerable amount of oxygen, w'hich *docs not contribute tonform a per- 
manent oxide, however, but is evolved as the silver cools. 

The moist process of silver assaying is founded upon the fact that the silver con- 
tained in an alloy may be precipitated from folution by means of a soluble chloride. 
Chloride of sodium (commsfi salt) is the material employed Tor ^his purpose, and the 
estimation is made in Fr^ce volumetrically ; that is to say, the solution of common 
salt is determinate, in such manneifthat a given volume used corresponds with a known 
portion of silver. If time be not an object, the estimatiqp of silver as chloride may be 
eflected by weighing instead of measuring the quantity of solution used ; in which case 
the test solution should be poured into the argentiferous solution firom a Schuster* s 
alkalimeter — the instrument represented at p. 41^* 

GOLD. 

Equivalent or atomic weight ... 197 

Specific gravity ..... 19*5 

Gold is almost invariably found in the metallic^tate—not, however, pure, being 
contaminated usifblly with silver or copper, or both, and more rarely with tellurium, 
and with palladium. Gold is bnt rarely obtained from mines ; in the form of nuggets 
> or metallic lumps, it is collected by manutft labour, and when the particles are too small 
for this J;rcatmcnt they are usually ex#acted either by means of mercu^ (amalgama- 
tion) or more rarely by the agtncy of chlorine. • 

Gold, though a scarce metal, is very widely diffused. There jre but few parts of 
the world in which gold has not beei^ found to some extent, but California and Aus- 
tralia have yielded it in larger quantities than any other regions. Gold^ lilm silver, 
is too soft for adaptation to the purpose, of coinage cy ornamentation ; hence it must be 
alloyed, and the base metal added is usually copper, though occasionally other metgls 
such as silver and zinc are used. The student may haTf fbmarked 4hat English 
sovereigns and half sovereigns coined before the year 1826, are lighter in colour than 
those subsequently produced ; which is feferable to the fact of theif holding in their 
composition a portion of silver. The per centage of alloy metal is fixed by law in all 
civilized countries, and differs according to the use to which the gold is intended to. be 
applied. English gold coins are made of twenty-two parts pure, or fine gold, alloyed 
with two parts copper ; in other words, one part copper to eleven of gold— the reason 
why two parts to twenty-two, instead of one to eleven, will be explained presently. 
The legal ratio of admixture adopted in France for the gold pieces of that nation is one 
to nine. 
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Sub-oxide of gold. 


f " 

ComhinatHnB of Gold toith Oa^gen. . 

Gold may be fused and exposed to' contact with atmospheric air an indefinite 
period, without the generation of an oxide ; neveijtheless, by chemical treatment two 
distinct oxides of gold may be generated, the sub-oxide AU 2 O and the sesquioxide or 
peroxide AujOg. * 


^ub^oceide of Gold — (Au^O). 

Freparation, — ^^flien potash solution is added to solution of sub-chloride*, (dichloride 
of gold) a powder of deep violet colour, which is the oxide in question, falls. Oxyacids 
have no action upon it, but bydrqcids decompose it, sei^uichloride of gold AU 2 CI 3 
being formei and metallic gold deposited. 

^Sofquioxide or peroxide Gold^ also called Awie Acid. 

Preparation. — By digesting a solution of perchloride of ^old with magnesia, aurate 
of magnesia mixed with free magnesia is obtained. When t^is mixture is boiled with 
nitric acid the magnesia dissolves, and hydrated sesqaioxide of gold remains. It is a 
yellowish-red powder when hydrated, turning to chesnut-brown when dried. Heat 
and direct solar light effect its decomiposition into oxygen, and metallic gold ; when 
boiled with deoxidising agents, such as alcohol or sulphurous acid, also many of the 
organic acids, the spme result occurs. Neither this nor the preceding oxide forms 
definite compoimds with acids. 

Amn^iacal Oxide of Gold or Fulminating Gold. 

Whex solution of ammonia is poured into sosquichloride of gold, a precipitate pos- 
sessing fulminating properties dqposits. Its composition has not been quantitatively 
determined, but it is known to contain oxide of gold, ammonia, and chlorine. If this 
compound be digested in a further quantity of amnfonia, a brown powder remains 
which is fulminating gold, properly so called. According to the opinion of most 
chemists it is combisation of sesquioxide of gdld with**ammonia. 

Gold with Chlorine — Chlorides of Gold. 

There are two combinations of gold with chlorine, corresponding with the two 
oxides oT geld. The sesqutchloride is the product of dissolving gold in nitrohydro- 
chloric acid (aqua regia). By evaporating the solution to dryness, a yellow crj^stalline 
material con^nosed of hydrochloric acid and sesquichloride of gold results ; and this, 
when still more heated, suffers partial decomposition, hydrochloric acid being evolved 
and sesquichloride of gold remaining. It cs a brown deliquescent material, very 
soluble in alcohol and ether ; the latter of which even removes sesquichloride of gold 
from its aqueous solution. 

Suhchloridey or Fichloride^ of Gold. 

When the preceding compound is exposed to a temperature not exceeding 440** 
Fah., chlorine is evolved and dichlorido of gold remains. It is yellowish, non- 
crystalline, and insoluble in water. 
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GoU with ' Sulphur — Sutphurets A Sulphides of Gold. 

Two of these compounds are known, corresponding with the oxides, and the 
chlorides of gofl respectively. The^ are formed by transmitting hydrosulphuiic acid 
through solutions ^f sesquichloride of gold. If ^he soluttons be hot, the dark-brown 
di-8ulphurct is precipitated ; but if cold, the blick powder which falls is the sesquisul- 
phurct of gold. 

Gold Assaying, 

The opCTation of gold ^saying involves the two processes of cupellation, already 
^ described, and quartation. M, instead of a bompouqd of silver with oxidisable metal, a 
compound of gold, and the sank be cupelled with lead a bead of pure gold will remain ; 
if, however, a compound of gold, silver, and base, or oxidisable metal bo cupelled, the 
result of cupellation will be an alloy of pure gold and pure silver ccgnliined. 

^ Now gold is not soluble in nitric acid, #hcrcas silver^ readily dissolves in that 
menstruum; hence theory suggests that all the silver contained iaian argento-auriferous 
alloy should be capable removal by the action of hot nitric acid, leaving the gold 
behind. Practically, however, this result does not ensue except the silver present 
amount to not loss than two-thirds of the total weight of the piixed metals. Hence 
the process of gold assaying resolves itself int(» the following general scheme : the 
assaycr having formed a judgment, from the colour and general appearance of the 
alloy, as to the amount of silver present, adds such a known excess of pure silver as 
when fused with the gold shall yield a button having the composition of about three 
parts, by weight, of silver to one of gold. The compound is now wrapped in thin 
sheet lead and cupelled in the ordinary manner ; the result of which operation is a 
button of gold mixed with silver. This product is next flattened into a plate ribbon, 
heated to render it soft, converted into a flat helix termed a comet, by winding it round 
a quill or other small cylinder, and boiled with nitrlb acid. • By this treatment the 
whole of the silver is dissolved, ^and the gold remains. When &st withdrawn from 
the nitric acid the gold helix is friable and devoid of the metallic appearance ; after 
being heated, however, its partiples colyre, and its surface assm^es the golden aspect. 
It has iftready been stated th^ allhough proportion of alloy in«Engush gold coins 
is one to eleven, the proportion is invariably expressed as two pdHs to twenty-^o. The 
origin of this custom is as follows : every portion of gold, whotftr large or small, is 
assumed to be divided into twenty-four equal parts, termed camtSy and the actual 
quantity of pure gold present is spoken of as so many ckrats And. Foif example — 
absolutely pure gold, or that which is devoid of all^xture of base metals, tis said Jo 
be twenty-four carats flne, or two carats better than standard^ vdiereas goU containing 
four parts of base metal in the twenty-four, is*Baid to be gold of twenty carats flne, or 
two carats worse than standard, 5rc. 

General Characteristics of Auriferous Solutions , — Solution of gold in nitrohydrochloric 
acid is the only one which usually occurs. The presence of gold in it may be detected 
by the following characteristics - 

(1) Solution of protochloride of tin throws down a pre 9 ipitate, the exact composition 
of which is still undetermined, but which is known as the ** purpU powder of Cassius*' 
The ptirple colour is scarcely evident in the powder itself, but becomes manifest when 
the latter is fused with borax. 
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(2) Solutions of protosalts of iron, when heated with the auriferous solution, throw 

down metallic gold. , 

(3) A. current of hydrosulphuric^ acid, solution of that acid in water, or hydro- 
sulphate of ammonia, throws down a brown or black precipitate, whi^h, on the appli- 
cation of sufficient heat, decomposes, evolves the (elements of hydrosulphuric acid, and 
learea a residue of metallic goM.^ 

PLATINUM. 

^Equivalent, or atomic weight 98*7 

Specific gravity . . 21*5 

This metal was only introduced into Europe towards the middle of ^the last century ; 
though, under the name of Platina^ diminutive of Platan and signifying little silver, it 
had long been Iffiown to the American Spaniards. Platinum is the most infusible of 
metals, and the heaviest of all kno^m bodies. It cannot be melted in the strongest hcqt 
of furnaces, but it fuses Seforc the hydro-oxygen fiame, of«when held in the luminous 
arc which extends between a pair cf voltaic charcoal electrodes in powerful action. 
Besides this quality of difficult fusibility, platinufii is not attacked by the strongest 
acids; hence it becopios important to the chemist, as a material for many of his 
instruments. c 

Preparation of absolutely pure Platinum , — Platinum of commerce is nearly pure, only 
containing a minute portion of iridium, which increases the hardness of platinum, but 
lessens its malleability. To obtain platinum absolutely pure, the scheme of operation 
is as follows : — A solution of commercial platinum is efiected in 'nitrohydrochloric 
acid (chloride of platinum), and solution of chloride of potassium is added. The yellow 
precipi^te which deposits is a mixture of the double chloride of potassium and 
platinum, with the double chlorido of potassium and iridium. The precipitate having 
been intimately mized^with caxbonatc of potash, is heated to redness in a crucible of 
porcelain. The result of this operation is metallic^ platinum and oxide of iridium, 
mixed with chloride of potassium. The aF'.aline residue having been dissolved out by 
hot water, the mixtoe of oxide of iridium |Utd metallic platinum is treated with 
dilute nitroHydrqchloric acid, which only ffissolves ;the platinum. Sal-Ammoniac 
being now poured into < Jie platinum solution, the double chloride of platinum and sal- 
ammoniao (PtCl^ -f NH, HCl) falls, and on the application of sufficient heat is 
decomposed ; metallic platinum, in minute state of division (spongy platinum), being 
the sole reeddue. « 

Inasmuch as platinum, like i]S!)n, admits of being welded, the spongy platinum just 
Ascribed i| heated tcbcomplete whiteness and strongly compressed in a mould, admits 
of being brought to the condition of har^phtinum ; and this latter, by rolling, may be 
converted into platinum sheet. This, indeqd, is an outline of the processes followed 
on the large scale of platinum manufacture. 

Propertie9,'^Th.Q three most prominent characteristics of platinum are its extreme 
density, its difficult fusibility, and its resistance to the solvent power of acids. 
Hydn^hloric and sulphuric acids, whether hot or cold, are completoly devoid of 
action on platinum; nor does nitric acid dissolve it under ordinary conditions. 
Nevertheless, if platinum be alloyed with silver to a sufficient extent, and the alloy be 
acted upon by nitric acid, both platinum and silver are taken up. The best solvent 
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for platinum is chlcpine ; nitrohydrochloric acid being tho chloriniferous fluid 11800117 
Anployed for this purpose. ^ * • 

Though platiniun resists the action of acids, therefore has an extenaiTa ^here 
of application ig chemical operations, nevertheless it is a treacherous metal, and 
vessels made of it are soon injured, if the substances capable of uniting with it are not 
home in mind. Yessels of platinum cannot b% otOployed for effecting the fusion of 
other metals ; tlfty are spoiled by heating in contact with sulphur, or any compound 
which readily evAves sulphur : phosphorus and arsenic, too, damage them, and also 
caustic alkalies, and mixtures of caustic alkalies with ni&ates of thp same. Platinum 
crucibles, moreover, are injured by the prolonged contact of incandescent charcoal ; an 
^ffcct which is due, apparently, to the actiop of silicic acid contained in the charcoal. 
Platinum crucibles arc gcndtally heated naked over the flame of gas, or of a spirit- 
lamp, or in a smell furnace containing charcoal; but if tho operation of heating 
is required to be of long duration, the platinum crucible should be protected, by 
bedding it in an earthenware crucible, havij^g magnesia tightly •impacted between 
the two. 

Platinum, when obtain^ci in a very fine state of mechanical* division, is endowed 
with some curious properties. One form of finely-divided platinum (spongy platinum) 
has already been described ; the sulbstancc termed platinum black furnishes the metal 
in a condition of still more minute division. Platinunf blacl^ may be prepared by 
three processes. 

( 1 ) By boiling solution of chloride of platinum, PtCl2, with carbonate of soda 

and sugar, collecting the precipitate, washing and drying. * 

( 2 ) By dissolving protochloride of platinum (PtCl) in a solution of potash, boiling, 
and adding alcohol imtil a precipitate no longer forms, washing and drying. 

( 3 ) By the addition of alcohol to solution of sulphate of platinum. 

The metal in all these states of fine division has the property of absorb’’'^ oxygen, 
and producing some curious phenomena of combustion. This peculiarity is taken 
advantage of in lEftvcral chemical operations. For example, admixture of chloroplati- 
natc of ammonia, sal-ammoniaa, and clay, when made in the form of pellets and 
strongly ignited, yields a porous mass Si clay and finely-divided platinum, much 
employed by chemists for cffccMng the^combination of hydrogen and oxygen gases, in 
certain cases where the elcctac spark would be inapplicable^ ,A*pellet of this kind 
is also sometimes employed as a means of instantaneous light, b|^ directing upon it a 
jet of hydrogen, which, if the pellet in good working order, soon inflames. These 
combustivo effects are still more conspicuously displayed by pjatinum black, es^ccirBy the 
variety made from sulphate of platinum, and arc son^times employed for technological 
purposes. Thus, if a small stream or continuouB drops of alcohol be permi&ed to fall 
upon platinum black, the latter soon begins to glow, and the tdcdhol is dcc<hnposed, the 
chief result of decomposition being acetic acid. In this manner acetic acid is some- 
times prepared in Germany. 

Although finely divided platinum, as we have it in platinum sponge or platinum 
black, manifests the combustive phenomena just adverted to in an extreme degree, yOt 
platinum in mass manifests a similar tendency, as may be illustrated by tho very 
common experiment of surrounding the wick of a spirit lamp with fine platinum wire, 
igniting the wick until the wire is incandescent, then blowing out the flame. Under 
these circumstances slow combustion of the alcohol ensues, and the platinum wire 
. remains incandescent. 
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Platimm wiA> Oxygen — Oxide of Platinum, 

Platinum is known to unite with oxygen in two proportions, producing respectively 
protoxide and binoxide, or peroxide of platinum, having the respecting compositions of 
PtO and Pt Oj. * 

Protoxide of Platinum, 

Preparation^ — By the addition of caustic potash to solution of protochloride]of plati- 
num, the precipitation of a black powder, hydrate of protoxide of platinum is effected. 
It dissolves in both alkalies and acids. 

Binoxide of Platinum, 

Preparation^By adding a considerable excess of caustic potash to solution of per- 
chloride of platinum, ooiling tho yello^ precipitate in its fluid of precipitation, ax^l 
adding acetic acid to t^e boiled liquor. The powder Vhich forms is hydrate of 
peroxide of platinum. When heated it evolves water and becomes anhydrous. The 
hydrated oxide dissolves in acids and in caustic alk&lics, but the anhydrous oxide does 
not. 

0 

Salts of the Oxides of Platinum. 

Both protoxidcrand binoxide of platinum when hydrated can be made to unite with 
acids. Tho salts of the former are unimportant. Only one, the oxalate, has hitherto 
boen obtained in the crystalline state. Caustic potash yields no precipitate with dilute 
solutions of these salts ; alkaline carbonates throw down a brown precipitate, and 
hydrosylnhunc acid and the alkaline hydrosulphates a black precipitate. 

Salts having binoxide of jdatinum as their basic constituents are all yellow or 
orange. Caustic potash precipitates from their solutions the brown platinate of potash. 
Hydrosulphuric acid and alkaline hydrosulphates throw down ablack precipitate, and zinc 
and iron both cause the deposition of metallic platinum in the condition of black powder. 
With chloride of potj^sium^ and with eal-amcf oniaq (chloride of ammonium), salts of 
binoxide of platir.um yield yellow precipitates, the double chlorides respectively of 
chloride of potassium \J'ith chloride of platinum (Pt Cl, + KCl), and hydrochlorate of 
ammonia, or chloride of ammonium, witlf chloride of platinum (Ft Clj NH3H Cl). 

' Both these double chlorides are decomposed by heat, the anunonia compound 
yielding pfatinum in the condition of a spongy mass (spongy platinum), and the 
potassium compound a mixtur^ of metallic platinum and chloride of potassium- 
Chloride of^odium ykld:^ no precipitate ; hence a soluble salt of binoxide of platinum, 
or what in practice is more convenient, solution of bichloride of platinum, is used not 
only to distingillsh between potash animoniarand soda, but occasionally to separate the 
two former, and determine their proportions. Now, inasmuch as ammonia is com- 
posed of KHa, it foUows that the chloroplatlnate of ammonia, as the double chloride 
of platinum and ammonium is termed, may be made the basis of ascertaining the 
amount of nitrogen contained in any body, provided that nitrogen exist in the form of 
ammonia. One of the processes of determining the amount of nitrogen contained* in 
organic bodies (the process of Yarrentrapp and Will) is founded on this principle. 
The organic nitrogenous body being ignited in contact with soda and lime, all the 
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nitrogen becomes coi^yerted into ammonia, which being transmitted through a solution 
of^ydrochloric acid is absoibed ^ and the solution |>eing precipitated by chloride of 
platinum, is collected, dried, weighed, and the amognt of nitrogen present determined 
by an obvious cal^^ilation. Both the chloroplatinat^ of potassium and of ammonium 
arc nearly insoluble in cold water ; bat alcohol, and still better a mixture of alcohol 
and ether, added to «the liquor of precipitation,* Anders the precipitate still more 
insoluble. 

Sulphate of Binoxide of Platinwnk 

This salt ia interesting as furnishing the best source from which to obtain platinum 
black. It is made by digesting sulphurct qf platinum (formed by passing hydro- 
sulphuric acid gas through solul^n of chloride of pUdbum) with sulphuric acid. 

Chlorides of Platinum, 

TThese salts are far morq«important than any of the plallinum salts which have 
been adverted to. There are two chlorides of platinum, the protochloride and the 
bichloride, corresponding r&pcctively to the two oxides. It will be convenient to 
describe the bichloride of platinum first. 

Bichloride of Platinum. 

Preparation . — When platinum is dissolved in nitro-hydrochloric acid, solution of 
bichloride of platinum is obtained, mixed, however, with some nitric and hydrochloric 
acids. These, however, ’may be dissipated by cautious heating, when the bijjjhloride of 
platinum remains pure. It dissolves in water, furnishing a yellow solution. This 
chloride does not crystallize. 

Protochloride of Platinum . 

is obtained from the bichloride ^y exposing the latter to a heat not exceeding 
390’ Fah. It is a greenish powde^ insoliAle in watei, soluble in hydrochloric acid, and 
yields no peecipitate with cither hyd^ochlorate of ammonia or chloifldejof petassium. 

Equivalent or atomic weight . . . 19 

Specific gravity . . . • • • (about) 10 

Preparation. — By heating the double chloride of osmium andfiinmonium.^ 

Properties. — A white metal, not quite devoid of malleability, but nevertheless 
brittle; exceedingly infusible. When heated, it rapidly combines whh oxygen, 
becoming osmic acid. Nitric acid dissolves it, generating osmic acid. Nitrohydro- 
chloric acid efEects this change with still greater facility. When osmium is sharply 
heated in contact with caustic alkalies, and alkaline nitrates, alkaline osmiates are 
formed. Finely-divided osmium, when heated in the air, oxidizes, with formation of. 
osmic acid, characterized by a very peculiar smell, indicative of the presence of 
osmium, the name of which, — ^firom smell, — ^was suggested by the odoriferous 

quality of osmic acid. 
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CompomdB of Osm wn with Oxt/get^Oxidea of Omium, 

Five of these compounds are knOwn, and their composition is thus represented : — 


Protoxide 

OS 

0 

Sesqulbxide < • 

. . . . OSg 

0; 

Binoxide . 

. OS 

Oi 

Osmious acid . 

. ‘ . . . OS 

0, 

Osmic acid 

. . . . OS 

0, 


Froioxiie of Omium. '' 

. f 

Preparation. — When potash solution is added to the double chlor de of osmium and . 
potassium, a dark green powder precipitates. It is the protoxide of osmium, which 
dissolves in aelds, forming green solutions, 

Sesguioxide of Osmium. 

l^eparation.-^When a mixture of osmic acid with ammonia is heated for a con- 
siderable period at a temperature of about 112° Fah., sesquioxide of osmium, mingled 
with ammonia, froi& whic!l^ it cannot be separated, is obtained. This oxide dissolves 
in acids, and yields non-crystallizable yellow solutions. 

Binoxide of Osmium. 

Preparation. — By transmitting chlorine through a mixture of finely-divided osmium 
and chloride of potassium, a double chloride of osmium and potassium, having the 
form#.tifis pig + KCl, is obtained. When to this salt a cold solution of carbonate of 
potash is added, a black powder, which is binoxide of osmium, results.' * 

O^io Acid. 

The formation^pf this compound, by strongly heating metallic osmium in presence 
of atmospheric ,air, has been already noticed. The change takes place stiirmore satis- 
factorily if oxygen gds be substituted for atmospheric air. * It is also generated when 
osmium is digested with nitric or niri-o-hydrochloric acid, or strongly heated 
with nitrate of potash ; and, lastly, when an osmiatc is decomposed by a stronger 
acYfl. • 

Osmious acid has never beeu isolated. Osmito of potash may be obtained by mixing 
a little ^cohol with fjplution of osmiate of potash. 

The preceding general indications of ie chemical bearings of osmium will render 
the method of obtaining this metal from i^ ore intelligible. Osmium almost mvariably 
accompanies native platinum. It is found united with iridium, another metal to be 
pres^tly describedy- forming scfdcs, or occasionally crystals of the substance termed 
oamiwret of iridium. This compound not being easily soluble in aqua regia remains 
behind when native platinum is subjected to that menstruum. Osmium may be 
obtained from tho osmiuret of iridium by a process of which the following is an out- 
line : — 100 parts of powdered osmiuret of iridium are intimately incorporated with 
300 parts of nitre, and [heated to]^ redness. The fused mass which contains osmiate 
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and iridiatc of potash l^eing poured upon a flat surface, is broken small, introduced 
inib a glass retort, aifd an excess of nitric acid adddd| A cooled receiver being adapted 
to the retort, and heat applied, osmic acid distils over, and deposits in the form of white 
crystals. These being dissolved in solution of peft^h, and alcohol added, osmite of 
potash flflls, from which osmium and^its compounds may bo prepared by processes 
which arc obvious. ^ 

The matter rcusain^g in the retort after all tiSe osmic acid formed has come ovei^ 
is chiefly oxido of ii^um, mixed, however, with some oxide of osmium. The mixtiix^ 
being dissolved in aqua regia^ and hydrochlorate of ammonia added, both the iridium 
and the osmium arc precipitated in the form of aminoniacal chlorides^ the composition 
of which, if the symbol M stand for metal^ may bo represented by the general formula 
dClo + NHyllC. If these nuced ammoniacA chlorides be suspended in water, and a 
current of sulphurous acid tranAnitted, the insoluble ammoniacal chloride of iridium 
IrClg + NII 3 is changed into ^the soluble ammoniacal chloride Ir.Cl + NH3HCI, whilst 
the ammoniacal chloride of osmium remains unchanged. When singly heated it 
yields metallic osmium. 

nUDIUH. 

Equivalent, or atoiiic weighjt 99 ^ 

Specific gravity . ? 

Preparation . — The soluble ammoniacal chloride^ of iridium, described in the last 
paragraph, deposits in cr^^stals when the solution containing it is evaporated. When 
these crystals arc strongly heated they yield metallic iridium in gie condition of 
powder. Iridium is still less fusible than platinum ; but if the powder bo heated to 
whiteness, and strongly pressed, it aggregates into a mass, still not devoid of porosity, 
but exceedingly hard. Pure iridium neither dissolves in nitric acid nor in c^ua regia ^ 
but it dissolves in these when alloyed with other metals. 

Iridium yields four oxides, four chlorides, and one sulphurot. 


PALLADIUM. 


Equivalent or atomic weight . . ,63-3 

Specific gravity^ .^ . . . . ll^ 

This metal is also obtained frdln platinifcrous minerals and frojp a 8 brtain Brazilian 
gold ore ; in appearance it is intermediate between platinum and s^ver. It is consi- 
derably more fusible than platinum, and, like platinum, soft, malleable, ductile, and 
capable of being welded when heated to whiteness. Palladium is anplied ,to rngny 
useful purposes. Dentists sometimes employ it to fo^ artificial palates ; oj^ticians 
use it occasionally in the formation of graduated scales ; and the manufacturers of • 
weighing-balances for the beams of these delicate instruments. ^<fr all thes^urposes 
the metal palladium is well adapted, not being acted on by any ordinary atmospheric 
impurity. 

Comlinaiions of Palladium with Oxygen. 

There arc two oxides of palladium, — ^the protoxide and the binoxide ; the latter, 
however, has never been isolated. 

Combinations of Palladium with Chlorine. 

Nitric acid can dissolve palladium ; but chlorine is a better agent. Aqua regia is 
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bhodium; and buthenium. 


• 

the chloriniferoue menstruum generally employed. There exist^ two chlorides of palla* 
dium corresponding in general relations to the two chlorides of pl&tinum. 

Cyanogen with Balladium^Oyanide of Palladium, 

Cyanogen and palladium have^ a great affinity ; so that when a soluble cyodidc, such 
as cyanide of mercury 6r of pob^, for example, is poured iz^to a neutral solution 
containing palladium, the metal separates as cyanide. It is by t'^king adyantage of 
this property of cyanogen to unite witht palladium that the m(^ is separated from 
its associates, — ^platinum and gold. 

BHODIUM AND BUTHENIUM. 

These metals are also found sissociatdd with platinum, and the former occasionaliy 
with gold. Bhodium is obtained from the mother liquid, out of which platinum and 
palladium have both been separated. It is obtained by taking advantage of the inso- 
lubility of thi» Rouble chloride of rhodium and sodium in alcohol. Bhodium is so 
called on account of the rose-colour 'of its solutions. It is a very hard white metal, 
even more infusible tiian platinum. It forms two 'Cxides, two chlorides, and a 
sulphuret. Buthenium very much resembles iridium, >?|Rth which it was for a long 
time confounded. 


JOHN SCOFFERN, M.B. 
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AnERAATiOK, spherical and chromatic 72, 73. 
Absorption of heat, IQ5. 

Absolute quantity of heat, 106. 

Accumulated electricity, some effects of, 229. 
Acetates of lead, 467. 

Acetate of silver, 504. •• 

Acids, combination and anal 3 rsis of, 318 ; un- 
known tests for, 317 ; and basi^function yic, 
397. 

Acidulous springs, 300. 

Acoustic properties of hydrogen gas, illus- 
trated, 299. 

Actinism, or tithonicity, 83. 

Action of lead upon water, 465. 

Aeriform bodies, expansion of, 109. 

Affinity (Lat. affinU, pertaining or kindred 
to), chemical, 2, 27. 

Aggregation (Lat. aggregata)^ attraction of, 2. 
Air, how it effects the bsilancc 4, specific 
heat of, 199. 

Air-tight apparatus, hqiw to connect, 292. 
Albumen, combines readily with corrosivo 
sublimate, 497. * 

Alcohol, boiling point of, 163; experiments 
with boiling, 109. A 

Alkalimetry7412. ^ 

Alkalimetcr, the, {alkali^ a salt*; Gv.^metron, 
a measure), 412, 413. 

Alliaceous odour of vapourised arsenic, 476, 
AUotropic condition of sulphur, 336. 

Alloy, amount of in silver coin, 505. 

Alloy, per-centage of, in gold, 508. 

Alloys of copper, 492. 

Alum, usual form of, 15, 428. 

Alumina or oxide of aluminium, 426 ; prepa- 
rations, ib. ; properties, ib. ; combinations 
'With sulphuric acid, 429 ; preparation, ib. ; 
properties, ib. 

Aluminium, 425 ; compounds in solution, cha- 
racteristioB of, 428. 

Amalgams (Gr. ama together, and gameo to 
marry) for electrical machines, 221a 
Amber (a brittle resin, the iucdum of Lin- 
neeus) , how electricity is developed from, 205 • 
Amidogen, 334. 


Ammonia* 327; history and synonymes, and 
■preparation of, ib.; porperties, 328; analy- 
sis of, 329 ; aqueous solution of, 330; forma- 
tion of, ib. ; quantitative estimation of, 333. 
Ami]|onial solutions, eharacftristicB of, 479. 
Ammoniacal oxide gold, 508. 

Ammonium, 334. • 

Amorphous masses, 16. 

Amount of oxygen in the world, 280. 

Ampere’s theory of magnetism, 269. 

Analogies of lighf and soflnd, 81. 

Analysis (Gr. analttsU, to resolve), 28. 
Analytical composition of nitric acid, 318. 
Anhydrous nitric acid, 315. ^ 

Anhydrous hydrocyanic acid, 392. 

Anhydrous oxide, 469. 

Animal bodies, is arsenic a normal consti- 
tuent of, 482, “ 

Anions, meaning of tbe term, 279. 
Antagonistic forces, 55. 

Antimonic ac^, 471. 

Antimonious acid, 470 ;«ymbol of, preparation 
and properties of 471. 

Antimonic acid, preparation, properties, fto., 
of, 471. 

Antimonic acid a test for •>da, 473.« 
Antimony, melting point of, 962. 

Antimony, properties off 470. 

Antimony and Oxygen, conHinations of, 470. 
Antimony and hydrogen, combination of, 471. 
Antimony, sulphurqjts of, 472. • • * 

Antimony, pentaohloride of, its properties, &o., 
474. • • 


•Apparatus for exhibi)^ the latei^heat of 
stetfhi, 153; for submitting gases to the ac- 
tion of electricity, 183. 

%qaa Hegia (Lut. qua vivimua\ 

Aqueous solution of hypoohlorous acid and its 
compounds, 360. 

Aqueous vapour, specific heat of, 199. 

Arsenic acid, 37. 

Arsenic acid, preparation and properties of, 
477. 

Arseniates, 478. 

Arsenic, chloride of, 480 ; tests for, ib. 

Arsenic (Lat. artenicum)^ equi|i^nt or atomic 
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weight and specific gravity of, proiKiration 
and properties of, 476 ; combinatillnB of, ib. 
Arsenic, sulphurets of, 479. 

Arsenious acid, 477. 

Arsenious add, toxicological examination for, 
480. *• • 

Arsenious acid, detection of in mixed solu- 
. tions, 481. 

Arsenical and antimonial crust, distinction 
between, 482. t 

Arseniurcts of hf drogen, 474. 

Assay of gold, 500. 

Assaying of sUver, 505. «. 

Artificially-dried gasses, how to colCect, 290. 
Atmosphere (Gr. afmoa vapour, and spluima a 
sphere or region), the weight, specific heat 
of, 199; gipvity, properties, &c., of, 308. 
Atmospheric ai^, specific heat of, 203^309; 
composition of, 810 ; aruount of oxygen and 
nitrogen in, ho'v^ to ascertain, ib. ; extent 
of, ib. 

Atmospheric pressure, influence of, 161. 

Atom (Gr. ofomoa, incapable of being cut or 
divided), existeneb of, 39. 

Atomic theory, the, 39. ^ 

Attraction or affinity, 2, 53. 

Attraction of gw.vitation and aggregation, 1. 
Attraction and repulsion, Faraday’s experi- 
ments on, 208. 

Auric add (peroxide of gold), 508. 

Auriferius (gold-bearing) solutions, charac- 
of, 509. 

B 

Balance, definition of, 2. 

Balloon, why it rises, 2. 

Barium, 49 ; protoxide of, 306 ; properties d.’, 
ib. ; sulphides of, 418; chloride of, ib. 
Barometer (air niOasurer ; Gr. ftam? heavy, 
metreo to'measure^, the, 312 ; how to make, 
313 ; functions^f, ib. ; form of, 314. 

Baryta, hydrate of ; peroxide, or binoxide of ; 

salt of; nitrate of; carbonate of, 417; cha- 
'*■ ractCristics #f, 418. • 

Battpry, Volta’s, Smcc’s, &c., J>'i2 ; Professor 
(Ersted’s experiments with, 2C4; thermo- 
electtie, 276. • • ^ 

Bcrthellet, on electric affinity, 53. 

Berzelius, 09 . the law of atoms, 44 ; theory of, 4(^ 
Biborate df soda, 411. 

Bicarbonate of soda, 410 ; scsquicarbonatc of, 
ib, ; nitrate of, ib. 

Binary (two-fold). Ternary (three-fold), and 
Quarternary (four-fold), combinations, 41. 
Binary theory, objections to the, 399. 

Binary classification and combination, 279. 
Binoxide of lead, its preparation, properties, 
&c., 466. 


Binoxide of nitrogexf^ 37 ; analysis of, 3^4; 
histbry and synonymes, 325; preparation, 
326 ; properties, ib. 

Binoxide of strontia, 419 ; salts of, nitrate of, 
carbonate and sulphate of ; general charac- 
teristic of, and its combination, ib. 

Binoxide of silver, 502. 

Binoxide of tungstelj^ |85. 

Bismuth, 469. 

Bismuthic acid, 469. 

Bismuth, equivalent or atomic weight, and 
specific gravity of, 468. 

Bismuth, ^iicutral nitrate of, 469; propertits 
and reparation of, ib. 

Bismum, oxide of, prepf ration of, 469. 

Bismuth and oxygen, combination of, 468. 

Bismuth, salts of, general characteristics of, 
469. 

Bladder-gl^ss, the, 296. ^ 

Black oxide*of mercury, 495. 

Bodies compfued of particles, 1. 

Bodies to act on each othei* must be in a state 
of solution, 64. 

Bodies in nature have a tendency to approach 
each other, 1. 

Bodies which dissolve more readily than othera, 
64. 

Boiling point, the, influenced by pressure, 147. 

Boiling points of certain substances, 162, 163. 

Boron, 168, 379 ; history and natural history, 
ib. ; preparation, ib. ; properties, ib. ; com- 
bination with oxygen, 379 ; preparation, 
ib. ; properties, ib. ; with chlorine, 380 ; pre- 
paration, ib. ; properties, ib. ; with fluorine, 
380 ; preparation, i\). ; properties, ib. 

Boyle’s hell, 495. 

Brass, melting point of, 162. 

Brast^. 492. 

Brfequet’s thermometer (heat measurer; Gr. 
therme warmth, and metron a measure), 
principle of, 121. 

L Bromine, 364; history, etymology, and gene- 
ral remarks, ib. ; preparation, 365 ; combi- 
nation with hydrogen, 365 ; preparation and 
properties, 3G6. 

Bromine, melting point of, 162. 

Bronze, 492, 


C 

Cadmium, history and method of obtaining, 
458 ; properties, preparation, salts, and com- 
binations, 459. 

Calcigenous metals, 434 ; properties of, ib. 

Calcium, 49 ; combination of with sulphur (sul- 
phate of calcium) ; with chloride (chloride 
of calcium) ; with fluorine (fluoride of cal- 
cium) ; characteristic distinctions of these 
compounds, 423. 
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Calcittin with oxysen ,je<laponnds of ; protox- 
?ide of (lime), 4W. 

Calomel, 494. 

Calomel blackened by solution of ammonia, 
505. • • 

•Calomel (dicbloridc of mercury), prepara- 
tion, properties, &c. %f, 498. 

Calotypc process sAsist^ by hyposulphite of 
silver, 504. • • 

Caloric or heat, epeneral observations on, 97 ; 
degrees of expansion of, 98 ; laws of, ib. ; 
radiation of«101 ; polarization of, 104; con- 
ducting powers of, 105; soli^ and liquid 
conductors of, 135. • 

Caloric a cause of fluidity, 160 ; as otcasioning 
the spheroidal stftc of fluids, 189; the cause 
of liquidity, 140 ; the cause of vapour, 143 ; 
expulsive force of, 146; particles of mu- 
•tually repulsive, 146 ; relation of to the 
spheroidal state, 193; proportiAis of in water 
and mercury, 197. 

Calorimeter (a heat measurer)* the 19. 
Camphor, melting point of, 162. 

Caoutchouc, '207, 

Carat, the meaning of, in coining, 509. 
Carbonate of silver, 504. 

Carbonic acid, melting point of, 162. 

Carbon, usual condition of, 15, 383. 

Carbonates (salts formed by the union of car- 
bonic acid with different bases), 404 ct seq. 
Carbonate of lead (white lead), 468; how to 
make, ib. 

Carbonic acid, 37, 385 ; history, natural history, 
and synonymes, ib. ; preparation and proper- 
ties of, ib. ; condeneation of, 387 ; analytical 
determination of, 389. 

Carbonic oxide, 390 ; preparation, ib. ; Voper- 
ties, 391. 

Cathions, yeaning of, 279. * 

Cavendish, Mr., experiments by, ISj^ 

Ceramic ware (Gr. Kcramiti^i pottery and 
porcelain), 429 ; general remarks, ib. ; 
coloured ceramic, ib. ; white ceramic, 43f ; 
red pottery, white enammcllcd, ib. ; porce- 
lain, ib. ; soft, 431 ; ornamentation of, 432. 
Cerium (from a Swedish mineral called ceritr ', 
428. 

Characteristics of metals, 394. 

Charcoal powder, its use, 294. 

Charcoal, specific heat of, 199. 

Chemical action, exemplification of, 27 ; com- 
binations, examples of, 37 ; affinity, causes 
which modify the action of, 54 ; relations of 
metals, 396. 

Chemistry, definition of, 1 ; of imponderable 
agents, 67 ; of inorganic bodies, 278. 
Chloride of antimony, 474. 

Chloride of arsenic, 480. 


Chloride of lead, its preparation and proper- 
ties, ^68. 

Chloriao of mercury, 497. 

Chloxtde of silioon, 388 ; preparation, lb.; 

propdlties, ib. ; of sodium, 411. « 

Chloride of silver^ 504 ; blackened by the son’s 
r2yrs,*505. 

Chlorides of chromium, 429. 

• Chlorides of gold, 508. 

Chlorides, ftc.^of platinum, 513. 

Chlorine and aluminium (phloride of alumi- 
nium) 426 ; preparation of, lb. ; properties 
of, 427. 

*Chlorin^ with nitrogen, 364 ; history and gene- 
ral remarks, ib. ; preparation, ib. ; history 
and synonymes, and preparation of, 354; 
with hydrogen, 355 ; history and synonymes, 
ib. ; preparation, ib. ;• pAoperties, 357 ; 
dblorine with oxygen, oompounds of, 359; 
with sulphur, cc^bii^tions of, 363. 
Chlorochronio acid, 450. | 

Chloric acid, 361; history, synonymes, and 
general remarks, ib. ; preparation, ib. ; pro- 
perties, 362. • • 

Chlorgus acid, 361. 

Chromates (union of earthy bases with chro- 
mic acid, 449. 

Chromatics (the science of bolours, 72. 
Chromatic aberration of light, 73. 

Chrome or chromium, 444 ; protoxide of, 445 ; 
preparation and properties, ib^ sesquiox- 
ide of, ib. ; preparation and formulGe, 446 ; 
salts of, 447 et seq. 

Chromic acid, xnethod of prej^mug, 448 ; pro- 
perties, 4i9. ^ 

Cinnabar, 500. 

Circular polarization, 81. 

^ Cobalt, melting point of, 163. 

Cobalt, history of, and j^reparation, 452 ; pro- 
pcriles, 453 ; combinations witl^ oxygen, ib. 
et seq. • 

Cohesive attraction, 12. ^ 

Cohesion (power of attachment in particles), 
56. 

Cold by evaporatfon, 158. 

Columbiuii, 464. 

* Combination, theories of, 352. 

Combinations of thc^ccond degrc^397. 
Combinations of iodine with sulphur and chlo- 

i ► rine, 369. • 

Combustion and incandescence, 243. 

Common salt, crystals of, 23. 

Comparison of thermometers, 129. 
Compensation pendulums and balances, 115 ; 

various experiments with, 117. 

Complex affinity, examples of, 61, 

Compounds, 415 ; scheme 1, lb. ; scheme 2, 
416. 
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Compound atoms, 2. 

Condenser, the, 218. r 

Conductors of caloric, solid and liquid, 138. 
Conducting powers of solid bodies, IsV^ Vtf the 
principal metals, &c., 136 ; of heat, ^05. 
Congelation of mercury, 151. 

Convertibility of gases into liquids, 1611 ^ 
C^per, 136. 

Copper, acetates of, 490. 

Copper, alloys of, 492. 

Copper, arsenite o^ 490. 

Copper, atomic weight and specific gravity of, 
487. 

Copper, bisulphurets of, 491. * 

Copper, chemically pure, how to prepare, 488. 
Copper, combinations of, 488. 

Copper, dichloride of, 491. 

Copper, historiAl recount of, 487. 

Copper, hydruret of, 491. 

Copper, nitrate of, 481J, ® 

Copper, properties \ f, 488. 

Copper, protochloride of, 491. 

Copper, protoculpburet of, 491. 

Copper, protoxide of, 4S9. *' 

Copper, sub-oxide of, 489. 

Copper, sulphate of, 489. 

Copper, sulphurets of, 490. 

* Copper wire, maglletic efitects of, 266. 
Cork-horers, their use, &c. 

Corpuscular and undulatory theories, 78, 
Corrosive i^blimate, 494. 

Corrosive sublimate, 497. 

Cryospibiis;: or frost-bearer, 158. 
Cryatallizatio!rTVjr. crysallos a frozen stone), 

13 et seq. ^ 

Crystals, not necessarily transparent, 18 ; the 
word as understood by chemists, ib. ^ 

Crystalline state of non-crystalline bodies, 17. 
Crystalline forms and^pUcal properties, view 
of the connexioiKbetween, 77. 

Crystallography, its prabtical uses, 22 et eeq. 
Cupellation (a prog^ss by which silver is 
assayed), 505. 

Cupreous salts, 489. 

Cupric aefd, 489. 

Cassius, «ipurple powder of, 509. 

* Cyanide of silver, 505. 

Cyanogen (Ificarbnret mmtrogen), 391 ; esm- 
binations of, ib. ; preparation, 392. 

( 

B 

Dalton, the- discoverer of the atomic theory, 
37, 40, 46. 

Davy’s Lamp explained, 297 ; unsafe in eer- 
tain situations, ib. ; causes of accidents with, 
ib. 

Decomposition of water, 248. 

Definite proportionality, law of, 83. 


Definite combination^lqw of, 34. 

Deflagration (purification by fire), the, of steft 
wire, 245.. • 

De Luo’s electrical column, 258. 

Densities (Lat. densue thisk) of gasrs, table 
oT, 168 ; experiments of various chemists* 
on, 169. « 

Detection of arsonioi^ aobi in mixed solu- 
tions, 481 ; method « pj^oceediiig fur, 482. 

Development, the, of crystals, 27. 

Diamond scratch, 8 ; specific heat of, 199 ; 
formation of the, 384. ^ 

Dia-magnetic (Gr. thro^h^ by, or of; Lat. 
magnea) phenomena, 271 ; experiments,*^ 
272, 27^ 

Dia-magnetic bodies, list of, 273. 

Dichloridc of gold, 508. 

Didymium, 428 ; distinctive characteristics of, 

111 . 

Disintrcgated jiar tides, 7. 

Distilled verdigris, 491. 

Donarium, 27Sf 

Double refraction, phenomena of, 75. 

Double electro-afflnity illustratedi 66. 

Duality (Lat. duo two) of electrical agency, 

212 . 

Duality or combining tendency of electro posi- 
tive and electro negative radicals, 397. 

£ 

Efflorescence (Lat. effl^rcacentia flowering), 
57. 

Epilopic dispersion, 94. 

Erbium, 428. « 

Elasticity, 56. 

Elasticfty of aqueous vapour, table of, 148. 

Electric affinity, 50. 

tElectifo&l quantity and intensity, 211. 

Electricil^, velocity of, 237 ; a condition of 
matter, 239. % 

Elective affinity, 50. 

Biectric current, direction of the, 242. 

Electric battery, 228. 

Electrical state of bodies, 57. 

Electrical inductions, 216. 

Electrical machine, the, 219 ; action and ma- 
nagement of, 220 et seq. 

Experiments, 221 et seq. 

Electric light, the 216. 

Electricities, proportional development of, 
213; experiments, ib. 

Electricity (Gr. electron amber), definition of, 
204 ; development of, 205 ; substances that 
are electrics, 206 ; conducting and non-con- 
ducting bodies, 207 ; experiments, 208 et 
seq. 

Electricity, mutual effects of parallel, 267. 
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Electricity, atmospU^o theory of lightaing- 
* rod8, 282; th4ryof,233. * » 

Electricity identical with nervous energy, 267. 
Electricity as a motive force, 273 et seq. 
Electfo-chemicoiftheory of Davy, the, 248. 
Electrophoms, the, 217. * 

Electro-deposition, theory of, 254. 
Electro-magnetttm, ^G2 ; true condition of, 
263; cxperimeiils,*264. • 

Electrometer (measure of electricity), the 
gold-leaf, 209. 

Elementar^l^atoms, 2. 

Elementary bodies, names of, ^9. 

Elementary bodies, list of, 27S.« * 

Enlargement of the bulk of water^y heat, 152. 
Epsom salts, cryfftals of, 23. 

Equilibrium of the ocean, 4. 

Ether, how changed into gas, 146. 

, Ether, melting point, 62. 

Eudiometer, the, of Cavendistft 274. 

Evaporating point of spheriodal water, 194. 
Evaporation, dispersion by ibat, spon^neous, 
147. 

Expansion, increase of bulk, laws of thermal, 

110 . 

Expansion, exception to general laws of, 123. 
Expansive force of water, 304. 

Experimental illustrations of affinity, 63. 
Experiments on the congelation of mercury, 
151. 

Experiments on the radiating power of dif- 
ferent surfaces, 134. 

Experiments with spheroidal water, 194 et seq* 
Experiments, class room, 208. 

Explosions, violent expansion of elastic fluids, 
prevention of in boilers, 193. 

Explosive nature of mixed oxygen And hydro- 
gen, how shown, 296. 

Experiments on the conductingf 4 K>wcT#of 
wate^ 138, 139. ^ 

Expulsive force of caloric, *146. 


Faience, or earthenware, 431. 

Faraday’s experiments, 250. 

Feathers, 207. 

Franklin’s one-fluid theory, 242. 

Free caloric, effects of, 107. 

Ferrosesquicyanide of potassium (red pmssiate 
of potash}, 443. • 

Ferric acid, 439. 

Fi're hundred grain bottles, 8. 

Fire-damp, its composition, 291. 

Flame, elevation of temperature necessary to, 
295. 

Fluor spar, 17. 

Fluoric acid, 168. ^ 

Fluorine, 369 ; general remark ib. 


Flj^orine with hydrogen, compoiinds of, 369 ; 

general remarks, ib. ; preparation, ib. 

Forms of crystals, 18. 

Forces*, destruction of, 2. 

ForcA of affinity, 59. « 

Freezing w'ate^in a red-hot crucible, 195* 
Fgedking mixtures, 141. 

Friction, can electricity be developed ot^ier- . 
wise than by, 211 ; experiments in proof, 
212 . ^ 

Fulminate of mercury, ^6. 

Fulminate of mercury, 497. 

Fulminating gold, 568. 

Fulnujnating mercury, where prepared and 
how, 496. 

Fusibility of metals, 396. 


tlalvanic or Voltaic electricity (so called from 
Galvani and foltaJts discoverers), 240 ; its 
origin, history, and theory, ib. 
Galvanometer, the, 265. 

Gases (Ger. gvistf spirit), general properties 
of, 160 et Aq. # 

Gates, change of bulk of, 164 ; by mechanical 
rarefaction, ib. ; dilatibility of, by heat, ib. ; 
specific heat of, 166. 

Gases, convertible into liquids, 161 ; Faraday’s 
experiments on, ib. ; under pressure, 163 ; 
specific gravity of various, 166, 167. 

Gases, M. Guard’s experiments 177. 

Gases, igniting by a spark, 2w; eudiometer 
explained, ib. ; various fcyp|M#€3l ; elec- 
tricit]^ influence of on imua^231. 

Gases, to wejgb, 184 ; various apparatus 
for the purpose, 185 ; rules for conducting 
experiments on, 186. 

Gases, specific gravity of, 166 ; tables of, with 
names of authorit^s, 167 ; table of densities 
of, 168 ; how obtained 170. * 

Gases, absorbed b^ liquids, ’174 ; what solid 
bodies absorb the, diffusiveness of, 176; 
comparative sonmiferous properties of the, 
177 ; apparatus for experiments on,^78, et 
seq. * • * 

Gases, •xpansion of by heat. 111. • « 

Gases, gpecifle Ima^of, 199; at the ordinary 
• atmospheric pressure, 201 ; df^acity for heat 
of, 203 ; heat of augments with its density, 
ib. •, 

Gaseous arseniurets of hydrogen, 478. 

Gaseous jet, how to obtain, 292. 

Gases, pbosphuretted hydrogen, 377. 

Gasometer (gas measurer), the mercurial, 
181. 

German silver, 452. 

Glass, various kinds of, composition of, 433 ; 
its solubility, 433 ; capability of fusion, ib. ; 
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how produced, ib ; colour of, how impar^d, 
434. 

Glauber’s salts, crystals of, 23. 

Glaring of pottery, 431. 

Glucinum, or Glucinium, 428, 

Gold, 186 ; melting point of, IQS, 

Gold assaying, mode of, 509. ' ; 

Gold, atomic weight and specific gravity, 507 ; 
nearly always found in a metallic state, ib. ; 
combinations of with various metals, ib., et 
seq, ,, 

Goniometer (an instrument to measure angles 
with), how to use, 20. 

Goulard’s extract, 466. 

Graphite, specific heat of, 199. 

Gravitation (tendency of bodies towards a 
centre), 2. 

Gum lac, 207. 

Gutta percha, 207. 

Hair, 207. ? 

Hair dyes, 350. 

Heating poweriVof hydrogen gas, how in- 
creased, 295. ^ 

Heat, latent, 150. i 

Heat, degrees of, represented by Daniell’s and 
Wedgwood’s pyrometer, 162. 

Heming’s safety apparatus for mines, 298. 

High-pressure steam, 156. 

Horse-shoe magnet, the, 270, 271. 

Hot liquids zf^re powerful solvents than cold 
ones, 64. '' 

Howard*i^Mr^asjSlt.ial thermometer, 125. 

Human voice, alterlCtion in, by hydrogen, 298. 

Hydrated or hydrous acid. (aquafoiUs), 315 ; 
how prepared, ib. ; combination of, ib. ; 
uses of, 318. 

Hydrates of soda, 407. 

Hydrated oxide. 469. 

Hydrochloric acid, ar^ueous solution of, 357 ; 
tests for, 359. 

Hydrocyanic acid, 393“ 

Hydroferrocyanic acid, 411. 

Hydipgen (^r. Mdor, water, and pennao, I 
generate,— the Water-former), 31; definition 
pf, 287 sources and preparation of, ib. ; 
'’sources o^ 288; experiments, |b.; the 
lightest of p6nderable homes, ib. 

Hydrogen, properties of and method of gene- 
rating, 289; ooinbustible, apparatus for ex- 
periments with, 291 ; results of combustion 
of in oxygen, 293; effects of burning in 
atmospheric air, ib. ; influence of platinum 
on, 294; heat developed, 295 ; experiments, 
ib. ; explosive nature of the mixture of with 
oxygen, ib. ; relation of to sound, 298 ; com- 
binations of with oxygen, 299 

Hydrogen, combinationB of sulphur with, 347. 


Hydrogen, sulphnretteli,. or hydrosulphurio 
acid, 347 ; general remark/^ ib. ; theory of ' 
the decomposition, 248 ; pi'bparation, ib. 

Hydrogen, or binary theory of salts, the ad- 
vantage of, 390 ; neutral, ^'l^uper, anff sub- 
salte, 400. 

Hydrogen, binoxide or peroxide of, 305 ; pro- 
duction, manufacture' chiknical formulm, 
c &o., of, ib. ‘ 

Hydrogen, bisulphuret of, 353. 

Hydrofluoric acid, liquid, 370. 

Hydrometer (a measure for hydrof^en), 11. 

Hydrosulpburip acid, 347. 

Hydriodic acid, solution of, 368. 

Hypophosplnarns acid, 376 ; preparation, ib. 

Hyposulphurio acid, 346. 

Hyposulpburous (Gr. hypo under) acid, 347. 

Hypocblorous acid, properties, &c. of, 360. 

Hyposulphites, properties of, 347. 

Hypochloric a(!i4^., 361; history and syno- 
nymes, ib. ; preparation, ib. 

Hyponjtrous aci^, 326. 

Hyposulphite of silver, 504. 

I 

Ice, 207. 

Ilmenium, 279, 464. 

Imidogen, 334. 

Imponderable (that cannot be weighed) agents, 
chemistry of, 67. 

Incandescence (at a white heat), 243. 

Incandescent solid particles, experiments with, 
294. 

Induced electricity, 213. 

Inequality in the expansic n of solid bodies, 

121 . 

^ Influence bf mechanical division in promoting 
the action of chemical affinity, 64. 

lrt!»rgan)*»bodies, chemistry of, 278, 

Insolubility,, 56. 

Iodic acid, 368. 

Iodide of silver, 505. 

lodiffles of mercury, 499. 

Iodide, 36G ; history, etymology, and general 
remarks, ib. ; preparation, 367 ; properties, 
ib. 

Iodine with oxygen, combinations of, 368. 

Iodine with nitrogen, 369 ; preparation, ib. 

Iodine vrith hydrogen, 367 ; preparation, ib. ; 

' properties, 368. 

Iridium, weight, properties; preparation, &c., 
515. 

Iridium, specific heat of, 199. 

Iron(Lat./errMm), 136 ; specific gravity, weight 
and character of, 437 ; preparation of for com- 
mercial purposes, ib. ; varieties, ib. ; oxides 
of, 438 ; profpeide of, ib. ; chlorides of, 439*; 
protochloride of, ib. ; sesquichloridc of, ib. ; 




•2KDEX. 


523 


protosulphimt •Cib. ; biAulphuret of, 440 ; 
combinatioJkof with phosi>horiiB, nitrogsn, 
and cyanogra, ib. ; protocyanuret of, ib. ; 
double oyanidG of and potaasinm, ib. ; pre- 
p^ation of, id. ; deoompoeition of, &o., 442. 

Iron, tendency of to be attracted by a Hiagnct, 
271. • 

Iron or steel '5be,%3onibnstion of in oxygen, 
284. ^ • 

J 

Jet, an insulating body, 207. 


Kalcgenous metals, pota8siuni/^400; general 
remarks, ib.^ preparation, ib. 

Kermes mineral, 472. 

Kyanizing process, the, 497. . 


Lanthanium, 279, 428. ^ 

Latent heat, 150 ; of steam, 1S3. 

Law of definite combination, 34. 

Law of volumes, 38. 

Lead, 136; atomic weight and specific gravity, 
preparation, purity, properties, combinations 
of, &c., 464 et seq. 

Lead, easily tarnishes, 465. 

Lead salts, general characteristics of, 468. 

Leather, 207. 

Leslie’s air thermometer, 124. 

Lenses, theory of, 71. 

Leyden jar, the, 226; discovery of, Ib. ; prin- 
ciple of, ib. ; discharge of, 228. 

Light, its actioiF, properties, laws, &c., 67. 

Light and sound, analogies of, 8^ 

Lightning conductors, marine, materials o/T, 
236. 

Lightning rods, theory of, 235. 

Lime, sulphate of, 420 ; carlmnate of, 421 ; 
phosphates of, ib. ; *biphosphate of, ib. ; 
metaphosphate of, 422 ; chloride ib. ; 
chlorometry, ib. * 

Liquid expansion, anomalous, 114, 

Lycopodium, 207. 

Liquidity, caloric the cause of, 140. 

Liquids in becoming solid produce heat, 142. 

Liquids, tendency to evaporate, 25. 

Liquid and aeriform bodies, how they convey 
heat, 137. • 

Liquefiable gases, number of, 161. 

Lithium, 415 ; preparation, ib. ; properties, ib. 

Linear expansion of solid bodies, 113. 

Liquid tests for arsenic, 482. 

Litmus paper, how prepared, 329. 

Lunar caustic (nitrate of silver), used for 
various pniposes, as the 4 >hotographic pro- 
cess, &c., 503 ; its preparation, ib. ; when 


«free from organic matter does not decom- 
| 08 e when exposed to the sun’s rays, 504. 


Magnet, roti^ry motion on, 269. 

Afagnetic eifbets of Voltaic Electricity, . 263. 
Magnetic character of wire, 266. 

^ Magnetic bodies, 272 ; list of, 273. 

Magnetisfi, Ampere’s theory of, 269. 
Magnetism, the, of thceearth, 277. 

Magnetism, how to determine whether a mine- 
ral bo endowed ^ith, 273. 

Mf^eto-eleotrio phenomena, 270. 

Magnesia, its combinations with sulphuric acid, 
preparation of, nitrate of, carbonate of, 
phosphates of, silicates of, &c., 424. 

^ Magnesium, its prepoaatfKn. properties, com- 
binations with oxygen, 423. 

Magnesium md c^rine, 424; its prepara- 
tion, &c., ib. ; ge^al characteristics dis- 
tinctive of magnesian solutions, tfc., 425. 
Manganese, oxides of, 416; protoxides of, 
435; Bclqnioxi#s of, ib. ; binoxide or 
• peroxide of, ib. ; salts of, 436; characteris- 
tics of, ib. ; red oxide of, ib. 

Manganic acid, 435. 

Manometer, the, 164, * 

Marble, 136. 

Marine engines not so subject as land engines 
to explosions, 103 ; why, il|a 
Measure of caloric in difiToren^odies, 154. 

Mechanical force, 57, 

Mcch^cal agitation faciiitatcs solution, 64. 
Meliom’s experifnonts on radiant heat, 103. 
Melting points of certain substances, scale of, 
162, 133. 

Mercurial compounds, 501. 

Mercurial thermometer, construction of, 126 ; 

method of graduating, 127 ; laws of, ib. 
Mercury, irrcguf&rity of expansion in, 128 
congelation of, 15|i( melting point of, 162. 
Mercury, combinations (oxides) of with oxy- 
gen, 494., ^ 

Mercury, black cxido of, 495. 

cr Ary, red oxide of, 495, 

Mercury, proimrtiea. &c., of^b. 

Mercury, nitrates of, 490. ^ 

Mercur}^ sulphate of protoxide of, 496. 
Mercury, subsulphate of T>m)tuxido of, 496, 
Mercury, fulminate of, 406. 

Mercury (quicksilver), • atomic weight* and 
specific gravity of, 493 ; physical relatioiis 
of, properties of, &c., ib. et seq. 

Mercury, chloride of, its preparation, proper- 
ties, uses, ftc., 497 ; unfitted for the pur- 
poses of the poisoner on account of nauseous 
taste, ib. ; its effects neutralized by albu- 



524 


INDEX< 


men, ib. ; organic combinations of not cle- 
oomposcd by the atmosphere, ib. , 

Heronry, iodides of, 490; subiodide of, ib. ; 
protoiodide of, ib. ; cyanide of, &c., ib. ; sul. 
phuretsof, 500; disulphurets of, &c.,\lb.; 
general characteristics of mercurial com- 
pounds, 501. * « 

Mercury, test of the presence of, 408 ; sepa- 
ration of from organic substances, ib. ; sub- 
or dichloride of (calomel), 498. ^ 

Metals, various expan^on df, 118 ; relation tif 
to each other in a thermo-electric sense, 275. 

Metallic foils, deflagrationH>f, 245. 

Mica, 207. r 

Minute division of bodies effected by solution, 

4. 

Moisture in gases, 187 ; correction for, ib. ; 
exemplifications i^rformuke, 188. 

Molybdenum, 485 ; compounds of, ib. 

Molybdenum, binoxide^, 486.' 

Molybdic acid, preparaAon and properties of, 
486. 

Molybdenum, prq' oxide of, 485. 

Molybdenum, specific heat of, 199. 

Monosulphuret of potassium, 406 ; preparati :n 
and properties, 407. 

Motion of free caloric, 132. 

Movement of caloric radiation, 101 . 

Mustard, why it blackens silver, 502. 

, H 

Native sulphurct, 472. 

Nature of cU 217. 

Negative properties m nitrogen gas, 388. 

Neutralization, an effect of chemical fifilnity, 
61. 

New properties of bodies evolved in chemical 
combination, 65. 

Neutral acetate ojT lead, 4(^. 

Nickel, melting point, 763. 

Nickel (false copper), 450 ; gravity, prepara- 
tion, and properties c', 451; protoxide of; 
ib. ; sesquioxide of, 452 ; alloys of, ib. 

Nio)^jp, 279, 464. 

Nitrate of lead, ° 467. ^ 

Nitrate of bismuth, neutral, 469. 

Nitrate of silver. 503. ^ . 

Nitrobydroohloi^ acid, 359. 

Nitrous acid, 326 ; synonymes, ib. ; prepara- 
tion, ib. ; prope{;ttes, 327. 

Nitre (Gr. nitron; Lat. m’trum), crystals of, 
23. 

Nitric acid, not to be confounded with aqua- 
fortis, 315; nature of real, ib. ; combination 
with, ib. ; compounds of, 316; chemical 
qualities and characteristics of, ib. ; com- 
position of demonstrated, 317 ; quantitative 
determination of, ib. 


Nitrogen gas, physiolo^onl effects of, 321; ^ 
historica? notfoe and synor^mes, ib. ; pre- 
paration, 322 ; properties, Si&3. 

Nitrogen, or azote (Gr. a, an^ the ward zoe 
life), history, 307 ; synonymes, ib. ; {orms 
und^ which it exists, ib. ; preparation of, 
ib. ; properties, 308 ; incapacity to support 
life, ib. / ^ 

Non-metallic, or simple bodies, test of, 280. 

Norium, 279. 

Number of atoms, investigation of, 44. 

« c 0 I 

Olefiant gas, 42f 

Oil of vitriol, ^manufacture of, 342 et seq. I 

Optics, Newton's theory of, 40? 

Ordeal of fire explained, 197. 

Orpiment (yellow sulphuret of arsenic), 479. 

Oscillation, points of, 4. ' 

Osmic acid, 514. 

Osmium, 279. 

Osmium .,(Gr. oan&, smell), properties, com- 
pounds, &c., 513; symbols, 514. 

Osmite of potash, 514. 

Oxides of osmium, .*>14. 

Oxide of silver, 502. 

Oxide of platinum, 511. 

Outsidedness of Electricity proved, 225; by 
experiments, ib. 

Oxides of antimony, list of, 470. 

Oxide of antimony, preparation and proper- 
ties of, 470. 

Oxide of arsenic, white, 477. 

Oxides of bismuth, composition of, 408. 

Oxides of lead, 465. 

Oxybydrogm light, the, 297, 298. 

Qxygen (Gr. oxus acid, and gennao to gene- 
rate), 31 ; origin of the name, 281 ; forms in 
witich if 4^ists, ib.; preparation o**, ib. ; 
experiments. with, 283; formulm for, ib.; 
combustion of, 285; results of combustion 
of, 286. 

Oxyg^h, combinations of carbon with, 384. 

Oxygen, compounds of potassium with, 402 ; 
protoxide, ib. ; preparation, ib. 

Oxygen, total quantity required daily for 
human consumption, 280. 

Oxygen, compounds of sodium with, 407. 

Oxygen and nitrogen, combinations of, 314. 

0.i;ygen, combinations of bromine with, 366 ; 
preparation, ib. 

Ozone, definition of, 286 ; method of prepar- 
ing, ib. 

P 

Paintings in oil restored by the use of perox- 
ide of hydrogen, 806. 

Palladium, specific heat of, 199. 

Palladium, atomic weight and spedfic gravity. 
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origin, properties, Wises and combinations, 
515. 1 ^ 

Parallel electrlolpurrents, effects of, 267. 
Parchment, 209. 

Parian (a pecnltir kind of porcelain), 431. 
Particles, meaning of the term, 2. * 

Pendulum, the, 116« 

Penetrating power ^ electricity, 222. 

Pelopium, 464. # • k 

Perchlorate of potash, 363. 

Perchloride of phosphorus, 378 ; preparation, 
ib. ; pronerties, ib. 

Perchloric acid, 362; history^nd general re- 
marks, ib. ; preparation, ib.a * 

Perchromic acid, preparation ai;^ properties, 
449. • 

Periodic acid, 368. 

Permanganic acid, 434. 

Peroxide of bismuth, 469. 

* Peroxide of nitrogen (nitrq|*i oxide ; laugh- 
ing gas), 319; synonymes, preparation, 
properties, analysis, et se% 

Peroxide of silver, 502. 

Pentachloride of antimony, 474. 

Phosphate (the combination of phosphoric 
acid with different bases) of soda and ammo- 
nia, 411 ; preparation, ib. 

Phosphoric acid, 37, 373. 

Phosphorus, 371; history, preparation, and 
properties, 372 ; allotropio condition, ib. 
Phosphorus, combination of, with oxygen 
378 ; with hydrogen, 876 ; with nitrogen, 
377 ; with chlorine, ib. ; with sulphur, 878. 
Phosphorus, oxide of, 376. 

Phosphorus, comt^stion of, in oxygen, 284. 
Phosphorous acid, 375; general remarks, ib. ; 

preparation, ib. • 

Photography (writing by light), the variou^ 
processes described, 87-96. ^ 

PhysictH properties of lead, 465. 

Pith-balls, experiments wiih, 20r 
Pinchbeck, 492. 

Platinum, 136, 163. 

Platinum (ptofma, the diminutive of plaia, 
little silver), 510; properties, preparation, 
and combinations, &c., of, ib., et seq. 

Plumbic acid, 466. 

Poisoning by arsenic, cases of, 480 ; treatment 
proper, ib. 

Poisoning by salts of copper, remedy for, 497.* 
Polarisation of radiant heat, 104. 

Fblarised light, interference of, 76, 81. 
Ponderable bodies (those which may be ascer- 
tained by weight), susceptibility of, to mag- 
netic influenees, 272. ' 

Porcelain, conducting power of, 136. 

Potassium and potash, combinations of, 415; 
preparation, 402. 


Pq^ash, salts of, 404; neutral, or monocar. 
bonate of, ib. ; nitrate of, ib. ; bicarbonate 
and sesquioarbonate of, ib.; artificial pro- 
fiuction of, 405; sulphate of, ib.; chlorate 
otjkh, ; perchlorate of, 403. • 

Potash and sc^a, general remarks on, and the 
•sAts of true alkaline metals, 414. 

Potassium, combustion of in oxygen, 285. 
Potassium, sulphurets or sulphides of, 406. 
Practical agplicatloxi of crystallography, 22. 
Pi%Bervation of wood, cordage, &c. (the Kya- 
nizing process) due to bichloride of mer- 
cury, 497. • 

Prin^gry atoms, 2. 

Principle of Mr. Kirwan’s theory of affinity, 
60. 

Progressive dilitation of solid bodies, 120. 
Property of all acetate* of lead to combine 
* with vegetable colouring matters, 467. 
Proportion of ilater ^n|arious bodies, 500. 
Proportions in which bUies combine, 30. 
Protochloride of phos^orus, 378; prepara- 
tion, ib. ; properties, ib. ^ 

Protoxide of^ead, it#preparation and proper, 
ties, 466. 

Protoxide of platinum, 511. 

Protoxide of silver, 502. 

Protoxide of uranium, 4^. 

Prussian-blue, various kinds, formuloc, 444. 
Pyrometers (fire measurer), the, of Wedg- 
wood, 119; and Professor Dobell, 120. 
Powder of Algaroth, 474. 


QuantitiSive determination of nitric acid, 311. 
Quartz, melting point of, 163. 

Quicksilvex, 493. 


Radiant heat, 102 ; ^elfbni’s experiments on, 

108 . 

Ratios in which oxygfli and hydrogen eom- 
bine, SI. 

Raumer and Fabrenheit*%thcrmotneters,fnft 

Reason why metallic bodies are qonduotors, 
207 ; txperiments in proof, 208. ^ 

Realgar (redsulp^joeetof arseq|^), 479. 

Receivers for gas, 178; various kinds of, 179 
etseq. , 

Reciprocal decomposition, 55.e 

Refiractlve power of phosphorus, 71. 

Refraction, double, 75 ; of heat, 105. 

Refraction of light, 67. 

Refraction of calorie, 188. 

Refrigeration, Newton's law of, 100. 

Regnlos of antimony, 470. 

Reinsch’s test for arsenic, 481. 

Relation of thermometrio degrees, 132. 
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Edative weights of bodies* 41. 

Sodittip and soda, oombLa^ans of, 415. 

Bemoval of nitrogen from gaseous miiLtures, 

Solid bodies, conducting power*^ of, 137. ^ 

how to effect, 309. 

Solubility of oxygen and ni^ogen gases in 

llhodium, 516. ^ . 

water, 311. 

Kiver-water lot injured by being oarriil in 

Solution, 13. 7 

leaden pipes, 465. ^ 

Specific gravity, meaning of, method of taking. 

Bock oil, boiling point of, 163. 

5 ; of steam, 152 ; of caloric, 196 ; of heat 

Botatory motion on the magnet, 269. 

compared with atoms, 1^ ; f gases, 199. 

Buthenium, 516. 

♦Specific gravity of gases, how obtained, 169; 
explanation of prooesses, 170 etseq. 


Spermaceti, 141. 

Salt and snow, a freezmg mixture from their 

Spherical and chromatic aberration of light. 

combination, 141. 

72. 

Saltsof bismuth, 469. ^ 

Spheroidal effect of caloric, 189 ; with various 

Salts containing protoxide.of lead as base, 466. 

experimex)^ on, et seq. 

Salts of the oxides of uranium, 483. 

Spheroidal water, evaporatin|: point of, 194. 

Salts of platinum, 512. 

Spontaneous evaporation, 147. 

Saturation and neulrajijlzation illustrated, 65. 

Standard silver, composition of, 505. 

Seales, functions of a pair of, 2. 

Steam, properties of, 144 ; density of, 149. 

Scales of thermometri<^g^aduaaon, 180. 

Steam, specific g.-Rvity of, 152. 

Soheelium, 485. 

Steam, latent heat of, 153. 

Scheele’s green, 476, 49vi. 

Steam, elasticity c ., 166. 

Selenium, boilinr^. point of, 163, 353 ; history 

Steel, melting point of, 168. 

and natural history, ib. i 

Still, the, 302 ; theory of distillation, ib. 

Sesquioxide, 37. 

Stonework, 431. 

Sesquioxide of uranium, 483. 

Strontium (from Strontinn, in Scotland), 49 ; 

Sesquisalts of uranium. 483. 

definition of, 418 ; preparation, properties. 

Silk, 207. ‘ 

compounds of with oxygen, protoxide of 

. Silicon, 380 ; preparation and proxierties, 381. 

Strontium, or Strontia, ib. 

Silver absolutely pure a soft metal, 502; 

SubacotatcB, or basic acetates of lead, 467. 

readily dissolved by nitric acid, ib. 

Silver, 137; axomic weight and specific gra- 

Suboxideoflead, 465. 

Suboxidc of silver, 502. 

vity of, gpneral characteristics, &c., 

Sugar, means of purifying, 467, 

of, ib.; oxides ol^ 502; suboxides of^ ib.; 

Sulphate of copper, 489. 

protoxide of, ib. ; peroxi(}e, of, ib. v nitrate 

Sulphate of load, its preparation, properties. 

of, 503 ; sulphaie of, 504 ; carbonate of. ib. ; 

&c., 466. 

acetate of, ib. ; hyposulphate of, ib. ; com- 

Sulphate o? silver, 504. 

binations of, ib. ctseq. 

^Sulphides of gold, 508, 

Simple atoms, 2^ 

Su^^’xhides.of* silver, 504, 

Simple or elementary J^odics, classification of. 

Sulphoantimonic acid, 473; may be <Qocom* 
posed by liiating^n contact with hydrogen 

279. 

Simple gases ami vapo^’rs, table of, 167 ; com- 

gas, 473. 

pound combustibles, ib. ; oxides, ib. ; acids. 

Sulpaur, 141, 335 ; general notice, ib. ; allotro- 

iS*: V e , 

pic, 336 ; combinations of with oxygen. 

Single elective affinity illustrated, 66. 

837. 

Soda (a mineral alkali), sulphates lJ, 408; 

Sulphur, the remaining oxygen compounds of, 

'sulphites o^ib. ; bisul;^^ of, ib. ; mono- 
sulphites, iah ; hyposulpnite of, ib. ; pro->- 

347. 

Sulphur with carbon (sulphuret of carbon). 

perties, ib. 

1 391; preparation and properties of, lb. 

Soda, carbonatqg W, 409 ; neutral carbonate 

1 Julphuretof antimony, 472. 

of, ib. . 

Sulphurets of arsenic, 479. 

Soda, phosphates of, 410; first or ordinary 

Sulphurets, production 851. 

tribasic phosphate of, ib. ; second tribasic 

Sulphurets of sedium, 411. 

phosphate of, ib. ; third tribasic phosphate 

Sulphuric acid, 32 ; properties and prepantion 

of, ib. ; bibasio phosphate of, ib. ; mono- 

of, 341 ; monohydrate of, 842 ; eheniiioal 

basic phosphate of, 411. 

method of determination and analysis, 844 ; 

Sodium, 407 ; general remarks, ib. ; prepara- 

experiments with, 345. 

j tion, ib. ; properties, ib. 

Sulphurous acid, 838 ; generffi remarks on, ib.; 
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preparation, ib. ; properties of, 339 ; 

determinatioikf the oomposition^, 840. 

Sun-pictures (p^tography), *87-06. 

Surfaces, the natural home of eleetrioity, 224. 

Symbolical contftetions for the names of ele- 
mentary bodies, 29. e 

Synthesis (the oppos^e of analysis), 28. 

i 

T 

Tantalum or tantalium (a metal insoluble in 
acids), 464. 

Tellurium,^peciflc heat of, 199. 

Tellurium, equivalent or atoi^^ weight, and * 
specific gravity of, 475 ; oocura in associa- 
tion with bismuth, gold, rilver, or lead, 475; 
properties of, 476. 

Terbium^28. 

Terchloride of antimony, 474 ; its properties, 

• &c., 474. 

Tests for arsenic, 480. 

Terrigenous metals, historic properties, and 
preparation of, 466. * 

Theories, various, of voltaic action, 257. 

Theory of Berzelius, 46. 

Theory of the balance illustrated, 2. 

Thermal dilatation of liquids, 108. 

Thermometer (Gr. ^/icrme warmth, and 
a measure), the, 119; construction of founded 
on the principle of expansion, 123, 126et8cq. 

Thermo electricity, 275 ; laws of, 277; experi- 
ments, ib. 

Thc4a-antimonic acid, 471. 

Thorium, 428. 

Tin, 136, 141 ; atomic weight and specific gra- 
vity, history an 8 properties, 459. 

Tin, preparation and combinatioDS9460 ct seq. 

Tinned copper, 492. # 

Titanium (a brittle and refrac^ry me^}, 
atomic weight and specific gr^ity, ^2 ; 
preparation, properties, and •ombinations, 
363 et seq. 

Transference of gases from one vessel ttuno- 
ther, 185. 

Toxicological chemistry, 481. 

Toxicological knowledge valuable, 480. 

Transference of electricity, experiments in, 
215. 

Turpentine, oil of, boiling'point of, 163. 

Tungsten, 485. 

Tungsten, specific heat of, 199. 

Tungsten, binoxide of, 485. 

Tungstic acid, 485. 


IT 

Ultimate analysis, 28. 

Ultimate parti<deB,^Newton on, 40. 
Undulatory theory, the, 79. 


of specific gravity 9* 

Unnium, equivalent or atomic witght and 
sflboific gravity of, 488 ; chiefly fimad in two 
Ainerals, pitch.bl«h& and nranite^ ib.; 
defelopment or prepanUon £b«; com- 
binations of. ib; 

IjpAium, protoxide of, 488. 

Uranium, sesquioxide of, 483. 

Uranium, salts of the oxide of, 488. * 
%ranium, sesquisalts of; 483. 


Vacqpm pan, the, 159. 

Vanadium, 279. 

Vanadium, binoxide of, 486. 

Vanadium, combinations of, 486. 

Vanadium, preparation eproperties, com- 
* pounds, &c., of, 486. 

Vanadium, prOloxide^, 486. 

Vapour, caused by ciSraio, 143. 

Vapour, force of, in rmtion to temperature, 
149. n 

Vapour, force of, h^ it varies at the same 
^mperature, 149. 

Vaporization, process of, 26. 

Vapours, table of latent heat of, 150.. 
Vaporization under pressure, 157. 

Velocity of light, 79. 

Verdigris, distilled, 401. 

Vermilion, 500. 

Vitriol, oil of, 342 et seq. ^ 

\*itriol, oil of, boiling point 0^63. ^ 
Vitrification, 207, ^ 

Volta, t^ory of, 241. 

Voltaic action, theories of, 257 ; different forms 
of, 258; combination, different forms of, 
259 ct seq. 

Voltaic, decompositim, chemical proportion- 
ality of, 263. • • 

Voltaic combinatioes, Araday*s modifications' 
of the polar theory <^250. 

Voltaic battery, the, 1^9 ', various forms of, 
ib. et seq. 

Voltaic electricity, effaclf of, 243? 
Voltai(ncombinations, simple andscompound, 

J^olta’s compounSifllc, 242. 


Voltameter, the, 254. 
Volumes, law of, 38. 


W 

'Water,36 ; its importance,”299 ; distribntion 
throughout the world, ib. ; puri^g^ ib. ; 
composition, 800 ; absolutely pure, fatal to 
aquatic aniinals, and unpalatable, ib. ; Chaly- 
beate and other mineral, lb.; saline, ib.; 
metbod^^of testing the parity of, 801 ; pure 



or distUledi method of obtaining, princii^le 
of distillation, LieUg’fi apparatus, 30S ; 
maximum density of, 804 : temperature at 
-which it assumes its ordmary density, iii. ; 
expansive fUJoroe of, ib,; crystallised t<aoe) 
forms of crystals of, 805. 

"Water, the standard of speciflc^avlty, 5. , 
Water, composition of, 81. 

Water, conducting power of, 188. 

Water, the boiling point of, 143. 

Water, conversion of^toliteam, fb2» ' 
Water, how to boil, without moistening the 
vessel containing it, 19K 
Water in a spheroidal state, 192. 

Water, expansion and contraction of, 123. 
Water, decomposition of, 248. 

Water absolutely pure will not dissolve lead, 
465. ^ 

Wax, melting point of, 162. 

Weather-gflass, the, 813^ ^ 


Weighing, operation of.il.. 

When bodies in a state of solulion do not act 
on each other, 65. 

White arsenic, 477. 

White lead, 468. 

White<precipitate, 499. 

Wolfrumium, 485. 

Wood, 207. 

^ World, the, without oxygen, iprhat it would be, 
281. 

Y 

! Yellow or muscovado sugar, 467. 
i Yttrium, 279, 

Ytto.tantaUte,464. 

z 

Zinc, 136, 141 ; atomic weight and ep^-ific gra- 
I vity of, 455 ; history, production, and com- 

I binations, 456 et seq. 

I Zirconium, 428.o 












